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е BASIC 6.0 
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е FORTRAN 4.1 
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e Pascal 4.0 
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Manage Memory 
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р aradox' is once again 
the top-rated program. 


with the latest version 
scoring even higher than last 
year’s top score.” (Software 
Digest's July 1987 Ratings 
Report—an independent com- 
parative ratings report for 
selecting ІВМ PC Business 
software). 

All tests for the Ratings 
Report were done by the pres- 
tigious National Software Test- 
ing Laboratory, Philadelphia, 
PA, and the message is crystal 
clear: there is no better rela- 
tional database manager than 
Paradox. 

NSTL tested 12 different 
programs and amongst other 
results, discovered that 
Paradox is 3 times faster than 
dBASE: 6 times faster than 
R:BASE on a two-file join 
with subtotals testt. 


Paradox does the 
impossible: combines 
ease-of-use with power 
and sophistication 

Even if you're a beginner, 
Paradox is the only relational 
database manager that you 


can take out of the box and 
begin using right away. 

Because Paradox employs 
state-of-the-art artificial intel- 
ligence technology, it does 
almost everything for you— 
except take itself out of 
the box. 

If you ve ever used 1-2-3* 
or dBASE® you already know 
how to use Paradox. It has 
Lotus-like menus, and 
Paradox documentation 
includes “А Quick Guide to 
Paradox for Lotus users,” and 
“A Quick Guide to Paradox 
for dBASE users.” 
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USABILITY 
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Ideal programs have high levels of both 
power апа usability. Programs platter in 
the upper righthand portion of the diagram 
above came clases! to achieving that ideal. 


dBASE Ill PLUS 


Why Parad 


&& Paradox still offers 
superior import/export 
facilities using Lotus 
1-2-3, dBASE, ASCII 
and other file types. It 
transfers between formats 
with stunning speed 

Rusel DeMarla, PC Week 99 


Paradox responds 
instantly to "Query- 
by-Example" 

The method you use 10 ask 
questions is called Query-by- 
Example. Instead of spending 
time figuring out how to do 
the query. you simply give 
Paradox an example of the 
resulls you re looking for. 
Paradox picks up the example 
and automatically seeks the 
fastest way of getting the 
answer. Paradox, unlike other 
databases, makes it just as 
easy to query multiple tables 
simultaneously as it is to 
query one. 


RATINGS KEY 
(On a scale of 0 to 10) 
Overall Evaluation 


посто 9.0 or higher 
ейте 80-89 
пайт 70-79 
тй 6.0.6.9 
* 5.0.5.9 


All Other Ratings 
Ш 70-99 


8.0.69 
Ш UNDER 5.0 


x is the best 


There's no power like Paradox Power 


PROGRAM 


Paradox 


Paradox saves you from 
future shock 


Trends for the future with Paradox 


1988 


1987 


Paradox 386 allows users to 
(аке advantage of 16 Megabytes 
of Memory on a 386 machine. 
This allows Paradox users to 
work with databases that could 
in the past only be handled 
by minicomputers and 
mainframes. 


Hew to make your aa^work network 
To run Parada 2 0 or the Paradox Network Pack on 2 network you need 


© Novell б Novell Advanced Netware version 20^ or Пет 

* ЗСот IPS win 3Com 3+ operano sysiem version 10, 1 1 or nge 

» IGM Token Pang or PC Network win IBM PC Local Area Network Pro- 
gram venon 1 12 ar уре 

* Tons Tapestry veson 14 orc higher 

© AT&T Sarin Network wah АТАТ PC 6300 Network Program verson 

© Otter пеню conrfigurabors Ра же 100% compatible sath DOS 31 
aná one of the ісе netiis 

System Requirements far Single Usar: 

* DOS 20 ot hgher 

* ВМ" Р5/2 and PC, Compaq" PC татнюз and oie 
100% compatibles 

• 512K RAM 

* [wo ask drives, 30-06 and S'w- ich 

* Comgalible monocivome, соки. or EGA monia wiih adapter 


ыма [482 185 
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Source: Software Digest * 


Your investment today in 
Paradox applications is pro- 
tected as new hardware and 
operating systems are used in 
your company. Paradox 2.0 
applications will run un- 
changed on Paradox 386, 
Paradox 05/2, Paradox Unix 
and Paradox SQL! АП versions 
of Paradox will be completely 
application and menu compati- 
ble. Paradox SQL will allow 
access to remote databases via 
SQL. Users will just type in a 
query as they normally would, 
and Paradox will translate that 
Query to SQL. 


66 Paradox 2.0 will 
do for the LAN what the 
spreadsheet did for the PC 


David Schulman, 
Bendix Aerospace 99 


System Requirements Гог the Network Workstation: 

• 005 31 ақ и 

s 640К RAM 

ғ Any comiinakon д) nad. Порру, oc no disk drives 

* Compalibie monochrome, color. or EGA montar ain adapter 


Options! Equipment: 

• EMS ang EEMS Boards. AST RAMpage Board.” intel Above Board" 
ог other expanded memory adaplers 

e Punters Compatible dol тайы leler quality or laser printer 


"Pepnnied with permission by Soltware Digest! from йз July 1987 report 
covenng 12 teihana dalábase programs. 


Paradox makes your 
network run like 
clockwork 

Paradox is just as valuable 
to multi and network users as 
it is to single users. It runs 
smoothly. intelligently and so 
transparently that multiusers 
can access the same data at the 
same time—without either 
being aware of each other or 
petting in each other's way. It 
works exactly the same way 
whether you're flying solo or 
as part of the crew. 


66 Anyone who hasnt 
seen the network version 
of Paradox should take a 
look. Ansa has dramati- 
cally advanced the state 
of the art in multiuser 
network databases 


Phil Lemmons, 
E 8/87 


Paradox was a delight 
to use, both as a stand- 
alone product and from 
a local area network 
server. 


Don Crabb, 
InfoWorld 99 


I lest was designed and executed бу NSTL А 1.000-record and à 
10.000 record М were ей А 5700 Mad hel] from the 1,000-ccond 
Ше and 3 numenc heid trom ihe 10,000-necord ide were selected (using 
Ihe 1,000-record bie indexes; The short tert leid wax grouped and 
sorted іп ascending onder, the nument held was Sublotaled for each 
group. and the results outpul lo а nuti рощег Tesi итез trom the ast 
keysirate оп the command sequence unbi return ol program contral 
were recorded and averaged 
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Paradox: | 
the top-rated 
relational 
database 
manager 

in the world... 


Paradox: the new 
corporate standard 


Paradox automatically 
updates your data and 
lets you control access 
to information 

In "Co-Edit" mode. changes 
made by anyone are automati- 
cally updated to everyone. You 
can pre-set а "Screen-Refresh" 
interval to occur anywhere 
from 1-second to 1-hour inter- 
vals. (If you don't make a pre- 
set choice, Paradox automati- 
cally updates every 3 seconds 
so that your screen always 
shows you updated data). 

While Paradox 2.0 lets 
everyone share and update 
information simultaneously. 
you can configure it to keep 
secrets secret. 

You can restrict others' rights 
in a variety of ways with safe- 
guards protecting confidential 
files and/or giving someone 
"Read Only" rights which is 
to allow "View," but prevent 
“Change.” The Paradox tech- 
nique—automatic file and 
record locking—ensures data 
accuracy and integrity in any 
multiuser environment. 


For a brochure or 
the dealer nearest you 
call (800) 543-7543 


PARADOX 


A Borland Company 


66 With Version 2.0, 
Paradox becomes a sophis- 
ticaled multiuser product 
that boasts an impressive 
selection of data-protection 
features and password- 
security levels 


Rusel DeMaria, 
РС Week 99 


Get serious support for 
serious Paradox applica- 
tion programming 

When you subscribe to the 
Paradox Developer's Resource 
Program (PDRP), you get all the 
resources and support you need 
for sophisticated Paradox appli- 
cation development: unlimited 
access to our toll-free PAL 
programmers support line; the 
Paradox Developer’s Toolkit; a 
subscription to Turbo Technix, 
Borland's bi-monthly technical 
magazine; and a 2096 discount 
on the Paradox User's Journal 
published by the Cobb Group. 

Call our Customer Service 
Department at (408) 438-8400 
for your free PDRP information 
kit with all the details. 
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PRODUCTS IN PERSPECTIVE 
What's New 


Short Takes 

Sharp РС-4521, a laptop with a hard disk drive 

Sprint 1.0, Borland 's third-generation word processor 
Quad386XT, Quadram 's booster board for the PC 
DeskJet, a quiet ink-jer printer from HP 

WordStar 2000 3.0, an upgrade with 662 features 
ZCM-1490, Zenith 's high-resolution color monitor 
Microsoft Windows 2.0, a step toward OS/2 


FIRST IMPRESSIONS 

Microsoft Languages Update 

by the BYTE Staff 

These new versions of five language products 
offer a bridge to OS/2. 


dBASE IV: A Paradox Killer? 

by Nicholas Baran 

The new version of Ashton-Tate's package 
is going to make life tougher for competitors 
like Paradox and R:base. 


REVIEWS 
Product Focus: The Best of the 24-pin Printers 
by George A. Stewart 

Dot-matrix printers are now good enough 

that you don't have to 

apologize for using 
one. BYTE Labs 
looks at 37 of 
the finest. 
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The WYSEpc 386 

by Ed McNierney 

Price, performance, and design highlight 
this 80386-based system. 
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Product Focus/118 


Commodore Opens the Amiga 

by Charlie Heath 

The expandable Amiga 2000 can provide 
MS-DOS compatibility. 


Laser Printing Without Lasers 

by Rick Cook and Paul Schauble 

The Taxan Crystal Jet and the Data Technology 
CrystalPrint VIII demonstrate the potential 

of liquid-crystal-shutter printers. 


Getting the Bugs Out 

by Ross M. Greenberg 

AT Probe and Periscope ITI-—two hardware-assisted 
debuggers with some unique features. 


Two Fast C Compilers for PCs 

by Namir Clement Shammas 

Microsoft introduces an improved version 
of its C Compiler and QuickC. 


New Power for FORTRAN 

by Carl Byington 

SVS FORTRAN from SAIC and MicroWay's 
NDP FORTRAN take advantage of the 80386 
and its coprocessors. 


Interleaf Publisher for the Macintosh IT 
by Paul Kahn 

This publishing system includes good 

and bad features from the personal-computer 
and workstation worlds. 


Review Update 


COLUMNS 

Computing at Chaos Manor: 

Memories, Memories 

by Jerry Pournelle 

Jerry looks at Fastback Plus, Golden Bow products, 
extended versus expanded memory, and new items 
from Logitech, 

Applications Only: Two Big Winners 

by Ezra Shapiro 

Ezra highly recommends both Decision Pad 

and QuicKeys. 
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and they'll be able to cope with the uncertainties 
of real-world situations. 
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SMARTWORK Keeps 
etting Smarter 


Smarter Artwork 


Three years ago, Wintek engi- 
neers created smARTWORK to 
reduce the time and tedium of 
laying out their own printed-circuit 
boards. Thousands of engineers 
have since discovered the ease of 
use and sophistication that makes 
smARTWORK the most popular 
PCB CAD software available. And 
thanks to them, smARTWORK keeps 
getting better. 


sMARTWORK transforms 
your IBM PC into a PCB CAD system 


Interactive routing, continual 
design-rule checking, pad shav- 
ing. and production-quality 2X 
artwork have always been a part 
of smARTWORK. And now that 
many customer suggestions have 
become a part of the software, 
smARTWORK is an even better 
value. That's why we 
Offer it with a thirty- 
асу money-back 
no-nonsense 
guarantee. 


Using an Epson or IBM dot-matrix BA 


printer, you can create 2X artwork and 
1X or 2X checkplots in a fraction of the 
lime hand-taping requires 


New smARTWORK Features 


О Silkscreen layer for component 
placement and identification ӯ 
L) Text capabilities for all three 
layers 
О Selectable trace widths and 
pad shapes and sizes 
ГІ User-definable library 
П Ground planes created with a 
single command 
| С Solder-mask and padmaster 
plots generated automatically 
Ч Quick printer 2X checkplots 
П Additional drivers for printers 
and plotters 
О Optional drill-tape and 
| Gerber photoplotter utilities 
О AutoCAD” DXF file output 
О Completely updated 
manual 
О 800 number for free 
technical assistance 


2" by 4" section of a 10" by 15” double- 
sided ooard with silkscreen layer 


NEW 


Autorouter Included 
Still $895 


Camera-ready 
2X artwork from an HI or HP pen plotter 


The Smart Buy. Guaranteed. 


Still priced at $895, smARTWORK 
is proven, convenient, and fast. 
Our money-back guarantee lets 
you try smARTWORK for 30 days 
at absolutely no risk. Call toll free 
(BOO) 742-6809 today and put 
sMARTWORK to work for you 
tomorrow. That's smart work. 


System Requirements 


D IBM PC, PC XT, or PC AT with 384K 
RAM, and DOS V2.0 or later 

п IBM Color/ Graphics Adapter with 
RGB cotor or B&W monitor 

СОВМ Graphics Printer or Epson 
FX/MX/RX-series printer, and/or 

O Houston Instrument ОМР-40, 44, 42, 
51, 52, or Hewlett-Packard 7470, 
7475, 7550, 7580, 7585, 7586 pen 
piotter 

О Optional Microsoft Mouse 


Wintek Corporation 

1801 South St. 

Lafayette, IN 47904 

Telephone: (800) 742-6809 

In Indiana: (347) 742-8428 
Telex: 70-9079 WINTEK CORP UD 
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EDITORIAL 


The New BYTE Lab 

We've never done much horn-blowing or 
flag-waving about our original micro- 
computer lab, which we've had for years, 
because it seemed obvious that any publi- 
cation purporting to offer authoritative 
test results would have a well-equipped 
place in which to run tests and examine 
equipment without interruption or dis- 
traction. А basic computer lab should be 
standard equipment for any microcom- 
puter publication—a basic lab is really no 
big deal. 

Of course, BYTE isn't a "basic" com- 
puter publication, and as of late winter, 
neither is our lab. In order to provide 
meaningful and reliable analysis of in- 
creasingly sophisticated hardware and 
software, we're in the process of assem- 
bling a truly unique and innovative testing 
facility —one that will let us run tests that 
no other publication is doing, and that 
will let us present you with information of 
unmatched depth and accuracy on state- 
of-the-art computer systems and sub- 
systems. 

Senior Testing Editor Curt Franklin 
heads the new lab. Here's what he says 
about the capabilities the new facility will 
give us; 

"How reliable is your equipment? It's 
almost impossible to know, prior to pur- 
chase, how your new hardware will work 
after extended operation—or how it will 
react to temperature fluctuations. Some 
hard disk drives, for example, are notori- 
ous for seek errors caused by thermal ex- 
pansion and contraction. Our Despatch 
environmental chamber will let us exam- 
ine equipment in a controlled environ- 
ment and look at how well the equipment 
performs after extended operation near 
the limits of its operating parameters. 

"BYTE readers expect us 
to open up computer 
systems for them, 
giving them 
information 
they can't find 
anywhere else. 

The Hewlett-Packard / 
16500A logic 
analysis system 
will let us do 
just that. We'll 
be able to do 


25-MHz state cU» 


analysis, timing 
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analysis to | gigahertz, and look at wave- 
forms at a rate of up to 400 megasamples 
per second. The capabilities of this 
equipment mean that we'll be giving our 
readers more accurate information than 
ever before on computer buses, memory 
and storage systems, and computer 
architectures. 

"Modems and other communications 
equipment are increasingly important 
parts of most computer systems. The 
ability of a modem to deal with noise, 
dropouts, and other real-world problems 
may have more to do with communica- 
tions throughput than the modem's maxi- 
mum rated data transfer rate. We want 
you to know how well a modem really 
works. With a computer-controlled, 
automated test set (1.6., the Autotest 1А 
from AEA), we'll be giving BYTE read- 
ers objective, comparative test informa- 
tion on the next generation (ог two or 
three) of modems. 

“Еасһ of us spends more time working 
with the computer monitor than with any 


other piece of personal computer equip- 
ment. [n our February issue, George А. 
Stewart analyzed and compared a number 
of monitors using the Superspot 100 CRT 
analyzer from Microvision—the first 
truly objective monitor tests ever to ap- 
pear in a microcomputer magazine. We 
now have a Superspot 100, so you can ex- 
pect in-depth, accurate reviews of moni- 
tors like you've never seen before. 

“Іп addition to the ‘big’ pieces of 
equipment in the lab, we've added nu- 
merous other items, like power line mon- 
itors (for testing uninterruptible power 
supplies and letting us factor power fluc- 
tuations into our other test results), hard 
disk and floppy disk analyzers, and other 
equipment that lets us bring readers the 
technical depth and accuracy they've 
come to expect from BYTE." 

Curt's right. What's more, the lab 
we re building now is not a one-shot deal. 
We've made a major commitment to keep 
up with developing technology and to de- 
velop our own capabilities to look at the 
products you're interested in. For exam- 
ple, we are now looking into ways to ob- 
jectively test and report on local-area net- 
works, and we'll be adding a LAN test 
facility and other technology testing to 
our lab in the future. 

Last—but certainly not least—are the 
people Curt has hired for our lab. Steve 
Apiki and Stan Diehl are electrical engi- 
neers who have joined us as testing edi- 
tors; they'll help BYTE keep and improve 
its reputation as a magazine written by ex- 
perts for experts. 

Once the last pieces of equipment have 
been delivered and installed (as I write 
this, several of the large items, like the 
environmental chamber, are being built 
to our specifications), you'll start seeing 
the results of our new lab in the Reviews 
section. 

The lab will also play a major role in 
helping us to analyze and examine brand- 
new architectures—like machines based 
on the 68030 and 80486 chips—as soon 
as they emerge. 

It's all part of our commitment to keep 
BYTE your premier source of detailed, 
objective, authoritative information on 
both the state of the market and the state 
of the art. 

You deserve nothing less. 

—Fred Langa 
Editor in Chief 


| 
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Discover а new world | 
of C performance. 


At a special low 
introductory price! 


WATCOM announces а new team of high- 
performance C language development 
systems that deliver proven superior results. 
Both are available now, at low introductory 
prices, for IBM PCs, PS/2s, and 
compatibles. 


Best of Both Worlds. 


Both systems are optimizers. Express C 
optimizes your ime, WATCOM C6.0 optimizes 
your code. You win both ways! 


WATCOM C6.0 
Optimizing Compiler 
and Tools For the 
Fastest Tightest Code. 


This unique development system 
produces the fastest execution speeds and 
smallest code available, as shown in 
benchmark tests against Microsoft C5.0 and 
Turbo C. It includes the new WATCOM 
VIDEO Debugger which quickly diagnoses 
elusive bugs without the need for extended 
memory even in very large programs. 
WATCOM C6.0 comas with a copy of 
Express C and offers a broad spectrum of 
advantages including: Extensive fine-tuning 
capabilities. А sophisticated register 
allocation scheme that eliminates many 
costly memory references. True register 
variables. Flow analysis. Altogether it allows 
your code to run its quickest. 

Without a doubt, WATCOM С6.0 ts the 
ideal choice for all memory models. small 
to huge, and on systems with or without 
80х87. Ив flaxible run-time conventions also 
allow efficient interfacing with a wide range 
of libraries and language processors. 


Superlative Performance 
[1 Full ANSI C Optimizing $] On-line Help Text 
Compiler [7 Ouassembier 

(7 Visual iMaracóva Debugger GA Overlay Linker 
| [Л Full ANSI C Run-time Object Librarian 

[2 MAKE 
СА Express С 
Price 
$495 


Introductory 


Luprary 

7 Source Editor 

A WATCOM C and Express 
С Users Guides 

[А МАТСОМ C Language 
аға Library Rolerances 

[7] WATCOM Editor User's 
Guide 


System Requirements 

* System: IBM PC, PC XT, 
PC AT, PS/2, or true 
compatible 

* Recommended memory: 
512K 

« Operating system: 
PC-DOS or MS-DOS, 
version 2.0 or later. 


With tha WATCOM VIDEO debugger you сал debug large applications without 


extended memory 


Software Credentials 


WATCOM С6.0 is the product of 20 years 
of computer language experience dating back 
to the creation of WATFOR іп 1965. Our 
commitment to technical support matches our 
commitment to deliver the world's fastest and 
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рт тието ттн" | 


МАТСОМСАО Waren’ 
“(IBAA PC XT 


терен 
Thefastest.tightastcode | 


(АСАН memory made ) 


МАТСОМ СВО Майса rn 
“ЧАР Б 2 Woes 60 


а « ima ыы 
1а 12 


ва 
Wu PC xt 
mah 804” 


ind P$ > һм» 
WO me үм 
Іле Inici ығ 23 ангаа (И 
D Jduld 60 E lm п 

гет кыз OPEP 


№ WATCOMERmal Ш WATCOMCED 
Мазза Салка C Мглзо СЕ б 
Turns C т 


Бый «зағағұ ee EK code ФАШ dala! 


most productive programming tools. With more 
than 400,000 software products in worldwide 
use and site licensing available for multiple 
machines and networks, you simply cannot 
find а better source of software development 
tools. 


WATCOM Express C 


For the Fastest 
Development 
Environment. 


This seamless development environment 
offers high speed compilation and the 
ultimate in programming ease. It is an 
integrated editor, compiler, debugger, linker 
and run-time system. With unexcelled 
diagnostic capabilities, it quickly checks 
apparently correct code and uncovers 
common or difficult bugs that other compilers 
miss. Express C provides you with rellabie 
code and exceptional productivity. 


Unparalleled Productivity 


t7] Overiay Linker 
(А Object Librarian 
[Л MAKE 


ІМ Full ANS! C Соту 

1 Integrated Source Editor 

СЛ Integrated Debugger 
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li corporate price quotes. 
"Limited time iroductory prices apply only to prepaid 
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Staff-written highlights of developments 


in technology and the microcomputer industry 


New Approach Could Bring Good Color 


to Micro Printers 


While color display technology has 
sped forward, the printer technology 
needed to get color from screen to 
paper has not. But that could change in 
the near future if printer makers can 
successfully implement a new color 
technology, called Cycolor, being de- 
veloped by Mead Imaging (Miamisburg, 
OH). Several well-known computer 
printer companies, including Brother 
and Seiko-Epson, have become “hard- 
ware partners" with Mead and are devel- 
oping Cycolor-based printers. 

The most immediate application for 
the technology will be color copiers and 
35mm slide printers, with products ex- 
pected to be available within the year. 
Chuck Davis, director of Mead Imag- 
ing's System Group, told Microbytes 
that color computer printers using the 
Cycolor process are at least 2 years 
away. Davis said some new printer de- 
signs will have to evolve, and he sug- 
gested that the use of fiber-optic CRTs 
and liquid crystal shutters are likely can- 
didates for bringing reasonably priced 
Cycolor-based printers to the desks of 
personal computer users. He declined 
to speculate on end-user pricing. 


Mead calls the Cycolor process a 
*photographic-like" film technology. 
Unlike conventional color photo- 
graphic materials, which contain silver 
halide light-sensitive salt crystals, the 
Cycolor film is coated with millions of 
light-sensitive microcapsules called cy- 
liths. Each cylith is about 1/10 the diam- 
eter of a human hair and contains а liq- 
uid monomer in which a color-forming 
substance called a leuco dye is dis- 
solved. Individual cyliths are sensitive to 
either red, green, or blue light. 

In a process close to normal photog- 
raphy, when the cyliths are exposed to 
visible light, a latent image is formed. 
But unlike conventional color film, de- 
veloping the image involves no messy 
chemicals or precise temperatures. The 
Cycolor film and either special paper 
or transparency film are compressed to- 
gether through rollers. In an additive 
color process, unexposed cyliths release 
dyes that mix together and react with a 
special coating on the paper or transpar- 
ency film, producing a positive image. 
One final step—heating the positive 
image— "fixes" the image and brings 
out the maximum color brightness. 


Microsoft Plans Object-Oriented Enhancements 


We may not see a "Quick Smalltalk" in 
the near future. But Microsoft (Red- 
mond, WA) does plan to add object- 
oriented enhancements to its language 
products. This is necessary in part, 
chairman Bill Gates said, because of the 
difficulty programmers are having, and 
will continue to have, writing sophisti- 
cated graphics-based applications. 

"Because we've been using classic 
programming languages, it is particu- 
larly hard to write these applications, " 
Gates explained. “That's something that 
Apple and the Macintosh market has 
not yet overcome, and that's something 
we've not overcome either. What we 
are going to do is extend our classic lan- 
guages like BASIC and C to be object- 
oriented in the same strong sense that 
Smalltalk has been.” 

Аз an example, Gates described a 


word processor that allowed users to in- 
sert generic “objects” into a docu- 
ment. In the past. a programmer's task 
was relatively easy, said Gates. A pro- 
grammer working on a word processor 
simply decided in advance exactly 

what sorts of things would be allowed 
inside a document, and nothing else 
mattered. 

With the advent of objects like voice 
data, new image formats, drawings, 
charts, and so on, the programmer's 
job became more complex. The docu- 
ment might contain, for example, a 
voice object that takes advantage of the 
dynamic linking capabilities inside 
OS/2. When the user encounters the 
voice object, he or she clicks on it, the 
voice code is run through a hardware de- 
vice, and the user listens to the object. 

continued 


Nanobytes 


* Despite developers' pleas, 
Apple Computer (Cupertino, 
CA) continues to snub Display 
PostScript for its video monitors. 
Developers contend that Quick- 
Draw-based images on the Macin- 
tosh screen don't match the 
printed output of PostScripted 
LaserWriters. If the screen used 
Display PostScript instead of 
QuickDraw, they say, users 
could have true WYSIWYG. But 
" Apple has no intention of sup- 
porting any imaging models other 
than QuickDraw at this time,” 
says Apple vice president Jean- 
Louis Gassee. “We'll keep im- 
proving QuickDraw but there's no 
confusion; we won't support it 
[Display PostScript]. " 
* Gallium arsenide (GaAs) 
chips promise smaller, faster com- 
puters. New GaAs dynamic 
RAMs being licensed by Re- 
search Corporation Technol- 
ogies (Tucson, AZ) could bring 
that promise closer to reality. 
The DRAMs, developed by James 
Cooper and colleagues at Purdue 
University, are one-transistor de- 
vices that take up 1/5 the space 
required by multitransistor static 
RAMs and can operate at up to 
125 degrees C. The nonprofit 
RCT says the chips also make 
high-density dynamic memory 
available to GaAs designers. 
* Motorola has published its 
68030 user's manual, chock full 
of descriptions of those data and 
instruction caches, the memory 
managernent unit, applications 
information, and electrical specs. 
The manual costs $6. Contact 
Motorola's Literature Distribution 
Center, Р.О. Box 20924, Phoe- 
nix, AZ 85036. 
* Anza Research (Cupertino, 
CA) has put a bibliography of 
neural network references on 
disk. NeuralBase contains more 
than 2700 annotated entries. 
Fortunately, the program lets you 
continued 
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search for information using 177 
keywords. The disks, which run 
on the IBM PC and compatibles 
with at least 512K bytes of mem- 
Ory, sell for different prices, de- 
pending on which year you want; 
the entire set costs $300. : 

е Migent (Incline Village, NV), 
maker of that cute little Pocket 
Modem, has not had an easy 

first year. Lawsuits and layoffs 
tend to put a damper on things. 
The company had hoped to get 
some positive publicity with its 
advanced publishing package, 
Impact, which we've heard com- 
bines editing, graphics, and page 
composition. But at MacWorld 
Expo, where Impact was to make 
its debut, the company nixed the 
intro. 

г Thirteen companies so far 

have signed up to participate in 
studies of electronic applications 
of superconductors at the Micro- 
electronics and Computer Tech- 
nology Corp. (Austin, TX). MCC 
said the baker's dozen consists 

of Bellcore, Boeing, Control 
Data, Digital Equipment, E. I. 
du Pont, Fastman Kodak, General 
Electric, Harris, 3M, Motorola, 
NCR, Rockwell, and Westing- 
house. 

е Logitech (Fremont, С.А) has 
started shipping its package aimed 
at turning regular old PCs into 
spiffy graphics systems. The 
Logitech Graphics Subsystem 
provides a mouse, EGA board 
(640- by 480-pixel resolution), 
AutoSync monitor (normally 
$699), and Logitech Plus and 
PaintShow software. All that for 
$999. 

е IBM (Rye Brook, NY) is of- 
fering a hardware setup that hooks 
to a PS/2 and voices what's on 
the screen. The $600 Screen 
Reader, designed for blind and 
visually impaired people, consists 
of a keypad, program, and docu- 
mentation in disk or audiocassette 
form. А text-to-speech synthe- 
sizer is required. For more infor- 
mation, telephone (800) 426- 
2468. 

е CalComp (Anaheim, СА) and 
Minolta Camera (Osaka, Japan) 
are teaming up to design and sell 


color plotters that fit on desktops. 


The A- and B-size plotters will 
use thermal-transfer technology. 
The companies say they'll start 
shipping the units soon. 
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For such applications to be devel- 
oped, the operating system will have to 
provide object support. OS/2 will have 
added functionality that will enable the 
operating system to better help applica- 
tions manage dala, Gates said. 

"In an object-oriented development 
environment,” he explained, “the oper- 
ating system has to get involved. You 
want the operating system to help you 
find things and keep track of where 
things are moved or tell you that you are 
deleting something that is being used in 
other places." He added that “the real 
hard part of this is sending around 
linked data, and nobody has been able to 
make that easy. You are not going to 
get the full leverage of applications 
working with applications until we get 
this inside the operating system.” 

Gates said Hewlett-Packard's New- 


Wave system (see February Microbytes) 
is an embedded object system but that 
it falls short because the lack of a com- 
mon subroutine library level prevents 
the object management capabilities from 
being fundamental to the system. 
Although object-oriented languages 
like Smalltaik are available, Gates has 
doubts about introducing any new lan- 
guages. "I question anyone's strategy of 
introducing new computer languages 
after 1988 and trying to get people to 
write applications in them, " he said. 
^| really think that our current languages 
with object management extensions can 
permit us to deal with the graphical 
world. I think over the next year, we'll 
be able to make development of these 
new applications virtually as easy as 
normal types of development with older 
applications. " 


PostScript Will Get Faster 


For those of you who've complained 
about how long it takes your PostScript 
printer to produce copy, be patient. 
Adobe Systems (Mountain View, СА) 
has come up with ways to speed up 
execution, and users should begin to 
reap benefits before the end of the 
year. 

Adobe president John Warnock told 
Microbytes that the company realized a 
year ago that the version of PostScript 
used with laser printers simply wasn't 
fast enough for Display PostScript, the 
version of the language thal creates 
images on a video monitor. 

Instead of patching PostScript to 
work on the display, Adobe developed 
new algorithms that reduce overhead 
and reorganize the way Adobe PostScript 
works. Because of these changes, the 
program doesn’t have to go into and out 
of the interpreter when performing 
low-level operations, said an Adobe pro- 
grammer. Warnock said that later this 


year, the revised technology will be 
moved to the printer version of the 
language. 

Adobe programmers would not com- 
ment on how much performance im- 
provement users would enjoy, stating 
that there are too many variables (such 
as type of printer and complexity of 
image) involved to state speed gains 
definitively. 

How soon will the faster version be 
available to end users? That depends on 
printer manufacturers, said one Adobe 
spokesperson. Warnock said it's sched- 
uled to be delivered to printer makers 
in the fall but that he wants to make it 
happen sooner than that if possible. 
How current owners of PostScripted 
printers benefit from the performance 
increases will be left up to the individual 
printer manufacturers. Conceivably, 
manufacturers could produce new ROMs 
that would then be installed in their 
printers. 


Chips Brings PS/2 Clones One Step Closer... 


Chips & Technologies (San Jose, СА) 
has brought clones of IBM's PS/2 com- 
puters one step closer to reality with 

two new chip sets that it says are fully 
compatible with IBM's Micro Channel 
Architecture. Although he wouldn't 
name any specific PS/2 cloners, C&T 
chairman Gordon Campbell told Micro- 
bytes that users will begin seeing 

Model 50 and 60 clones by the end of the 
second quarter, perhaps by Spring 
COMDEX in Atlanta. He said Model 80 
clones will be “а little behind" but 
should be available by the third quarter. 


Personal computers that аге compat- 
ible with IBM's PS/2 Model 80 and built 
around C&T's new Chips/280 chip set 
will be able to run at up to 25 MHz, will 
use memory of up to 16 megabytes, 
will provide better graphics than IBM's 
PS/2, and will be cheaper to build and 
sell, the company says. One reason a 
C&T-based Model 80 compatible will 
be less expensive is that it will require 
75 devices on the system motherboard, 
117 less than IBM's. Less-expensive 
100-nanosecond dynamic RAM chips 

continued 
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running at 16 MHz with 0.5 to 0.7 wait 
states can be used (as compared to the 
more expensive 80-ns, 16-MHz, one- 
wait-state DRAMs used by ІВМ) to 
further lower system costs. 

C&T's new Model 80-compatible 
chip set, called the Chips/280, consists 
of a CPU/Micro Channel controller, 
an advanced memory controller, an ad- 
vanced direct-memory-access (DMA) 
controller, data address buffers, a sys- 
tem peripherals controller, a multi- 
function controller, a hard disk control- 
ler chip set (from Adaptec), and a 
custom or standard micro chip. 

C&T claims that its 280 chip set 
provides several enhancements over the 
IBM Micro Channel implementation, 
including multilevel arbitration control 
on the Micro Channel and high-perfor- 


. . . But Who Will Be First to Take That Giant Step? 


The $40 Million Question is: Who will 
be the first to produce a Micro Channel 
clone? C&T's chief, Gordon Camp- 
bell, would not comment on who the 
company's customers might be for its 
Micro Channel-compatible chip set. But 
it's a good guess that C&T's current 
crop of OEM customers—companies 
like Tandy, for instance—would be 
possible cloners. 

Tandy certainly seems like a good 
bet. Recently, a member of Tandy's 
R&D department told us that the com- 
pany has big plans concerning product 
announcements in the third quarter, 
the time when the Texas company tradi- 


mance DMA. On 16-MHz systems, for 
instance, Chips/280 DMA runs at 10 
MHz, while IBM DMA runs at 8 MHz. 

C&T says that machines built 
around its Model 50/60-compatible chip 
set, the Chips/250, will be able to run 
at up to 20 MHz and use memory of up 
to 8 megabytes. А C&T-based PS/2 
compatible will require only 68 devices 
on the system motherboard, 51 less 
than IBM's. The chip set uses less 
expensive 200-ns 10- MHz DRAMs as 
compared to IBM's 120-ns 10-MHz 
memory chips. (The 250 can also use 
either 150-ns І2-МН? DRAMs or 120- 
ns 16-MHz memory.) 

The 16-bit Chips/250 set uses a 
"matched memory" implementation that 
C&T claims provides 50 percent faster 
Micro Channel memory cycles than on 


tionally introduces new products. 
When asked what could be bigger than a 
386 clone and a laser printer, which 
the firm introduced last year, the Tandy 
staffer would say only that those previ- 
ous announcements would "pale in com- 
parison" with the coming introduction. 
Industry watchers have said that the first 
to produce а PS/2 clone will be a com- 
pany with enough money to fund the re- 
quired research and engineering, as 
well as any legal fees that might arise if 
IBM claimed its property was being in- 
fringed upon. 

With the tools now available to 
readily put together PS/2 clones, PC 


the IBM equivalents. Because the 250 
is tightly coupled with VGA, a fast VGA 
cycle cuts I/O and memory cycles by 
50 percent as well, C&T engineers say. 
Memory above 1 megabyte is treated 
as LIM 4.0 expanded memory, and ap- 
plications requiring large amounts of 
memory can incorporate up to 8 mega- 
bytes. This includes on-chip EMS sup- 
port with four mapping registers and up 
to four external EMS mapper chips for 
full implementation. Memory cycles that 
run at 187.5 ns are supported. А four- 
way page interleave memory architecture 
allows for slow DRAMS that can oper- 
ate at higher clock speeds with wait 
states between 0.5 and 0.7. Address re- 
covery and memory remapping logic are 
included, as is automatic BIOS reallo- 
cation of bad blocks. 


manufacturers—at least those who are 
C&T OEM customers—can now begin 
making more concrete plans and an- 
nouncements. Manufacturers have pri- 
vately told Microbytes Daily that they 
plan to introduce Model 60 clones first 
because they believe these machines 
offer the greatest sales potential. Ac- 
cording to what potential cloners have 
told us, the second most popular Р8/2 
compatible will be the Model 80, while 
they see the Model 50 as offering the 
least market potential of the three sys- 
tems. So far, only one manufacturer has 
indicated that it will focus first on 

а Model 80-type machine. 


Game That Inspired Red October Coming to Computers 


Back in 1981, a Maryland insurance 
agent by the name of Tom Clancy took 
some time out one weekend to play a 
board game called Harpoon, which in- 
volved naval warfare between NATO 
and the USSR. Within the next few 
weeks, Clancy became friends with 
Larry Bond, the game's author and a 
member of the Naval War College. Out 
of their friendship came The Hunt for 
Red October and Red Storm Rising, 
two of the best-selling books in this 
decade. 

Bond's latest project is a computer- 
ized version of his board game, which 
we saw demonstrated at the winter 
Consumer Electronics Show. Bond is 
working with software developer 
Three-Sixty Inc. (Campbell, CA) to 
bring out both an MS-DOS and a Mac- 
intosh version of the game, which should 
be on the market soon and will sell for 
around $50. 


М BYTE * APRIL 1988 


As with the original game, the basic 
premise of the computer edition is NATO 
versus USSR in North Atlantic war- 
fare. You act as commander of a major 
NATO task force. Soviet and Атегісап 
battle platforms (e.g., ships, planes, and 
missiles) in use today are part of the 
game, which is so up-to-date that simu- 
lated Soviet submarines incorporate the 
screw/drive mechanisms sold to the 
Soviets by Toshiba and Kongsberg 
Vaapenfabrik. You must learn about the 
strategy and tactical weapons at your 
disposal and acquaint yourself with the 
Soviet strengths and weaknesses. 

To develop the software, Three- 
Sixty programmers transferred informa- 
tion relating to strategy and other nec- 
essary data from Bond's database 
(created with Odesta's Double Helix 
program) into Microsoft Excel for con- 
version to MSF format. They then 
loaded the data into McMax, a dBASE- 


like package for the Macintosh from 
Nantucket Corp., for manipulation and 
development. 

Much of the work now under way at 
Three-Sixty involves data compression, 
particularly of the images of ships, air- 
craft, and submarines digitized from 
photos and scaled to size. To generate 
graphics, programmers created a library 
of high-resolution pictures (digitized 
from photos) of military hardware. 

Although none of it is classified (the 
ЕВІ regularly checks Bond's database), 
the game contains information rarely, 
if ever, seen by the general public, par- 
ticularly the digitized photos and de- 
tails of Soviet ships and submarines. For 
this reason, Three-Sixty president Tom 
Frisina told Microbytes, the game is in 
many ways a lesson in current events. 
“Harpoon is not a war-gamer's product. 
It is for the general public," he said. 

continued 
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Г CITIZEN 


You expect excellent letter-quality print from a 24-pin printer. 
And Citizens new precision-built Tribute™ 124 delivers. 

With razor-sharp letter definition at 66 cps. Attractive corre- 
spondence quality at 132 cps. As well as crisp, impressive draft 
printing at 200 cps. 

You might be surprised, however, to find that the versatile 
Tribute 124 offers quite a bit more. Like a built-in push or pull 
tractor with top, rear or bottom feed. Automatic paper loading. 
Outstanding compatibility. Push-button convenience of a front 
control panel. Even optional color printing. 

It also provides a wide selection of typestyles via available font 
cards. And produces striking high-resolution graphics. 

With all these value-added features and an exceptional 12- 
month warranty, the Iribute 124 is very affordable. So, not only 
does it look good on paper, it looks good for less paper. 

i 


= е ые cg dealer nearest you, call 1-800-556-1234, 
Ext. 34. In California, с =r 
1-800-441-2345 Ext. 34. => CITIZEN 


© [9 $5 Citizen America Corporation. Cauzen, th 
lu o and Tribute are trademarks ж си 


ich Cim. Lal Printers that run like clockwork. 
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Better Color Displays Through Chemistry 


Research into photochemical reactions surface of common semiconductor sub- images on its surface," Hemminger 
of color dyes applied to semiconductor strates, such as strontium titanate. Nor- — said. Experiments have indicated that 
materials could lead to the develop- mally, electrons in the dye and semi- other dyes and wavelengths of light 
ment of very thin flat-screen color dis- conductor remain stable because they do might react to produce a full color 
plays. Chemists at the University of not have enough energy for migration. system. 
California at Irvine have found that by But when light strikes the dye, the added The chemistry also shows promise 
coating a substrate with a thin layer of energy causes electrons to migrate into for semiconductor processing. Experi- 
dye and shining light on the surface, the the semiconductor material. ments have shown that passivating— 
dye reacts and changes color. Their The loss of these electrons from the placing a protective coating on—semi- 
studies are also pointing toward more dye initiates a chemical reaction that conductor material can be accom- 
efficient means of semiconductor changes the white dye into blue wher- plished without using complex masking 
processing. ever the light hits the dye film. Applying — and etching procedures. In the future, 
John C. Hemminger, professor of a small neutralizing voltage returns the laser light might activate thin chemical 
chemistry at UCI and director of the dye and substrate into their previously films to produce protective coatings on 
recently formed Institute for Surface stable condition and changes the Prus- a wide variety of materials. Hemminger 
and Interface Science, said that one ex- sian blue back to Prussian white. “What said that already chemists have experi- 
periment consists of electrochemically we are able to do is modify a dye film mented successfully with passivation of 
depositing Prussian white dye on the іп a reversible manner and use it to write (һе material used in infrared sensors. 


Computer Companies Think There's No Place Like Home 


Home offices and home-based busi- have already set up divisions targeting personal computer, printer, fax ma- 
nesses are quietly emerging as a major the home-office market. chine, copier, voice mail, and telephone. 
segment of the mass-market computer What attracts companies is the size “People involved in home-based busi- 
and electronics business. Companies of the potential market. Most manufac- nesses spend an average of $5200 a year 
like Blue Chip, Sharp, and NEC are all | turers believe the basic hardware re- on business equipment and software,” 
vying for a share of it. Sharp and NEC quirements of a home office include a continued 


табала крс айтышым ыры ||| е 
With Mapinfo, More Ways 
Than Ever To Map Your Data 


Ра Map. Automatically use your existing Thematic. Use our boundaries (state Presentation. Use powerful graphics Visual Database. Draw anything from 
database (from dBASE Ill or others) Gr county) or draw your own (sales commands to add your own titles, a ficor plan to аштай design. Store data 
with street maps that we can supply regions, election districts, etc.). Create legends and text. Create arrows, оп any point or region. Create multiple 
Maps from over 300 U.S. cities and a database for the region (population, windows or callouts. Tum on or off kabeis layers to add flexibility to your disptay 
towns contain all addresses, accurate to average income, etc.) Color code of points, streets, bridges, regions, 
the correct block and side of the boundaries or entire regions based on etc. 
Street. Type any address and Mapinfo | parameters you define. 
wili find It for you. Call to tha screen 
your complete record. 
And that's Just a sample. If you need to map your data, Mapinfo can do it for as litte as $750. IBM PC or 
100% compatibles, with 640K memory, a hard disk drive, and graphics capability. 


To order, call 1-800-ҒАЅТМАР In New York State, call 1-518-274-8673 (Telex 371-5584). 


Мар. ПО Mapinfo Corp., 200 Broadway, Troy, NY 12180 


GBASE Ш Is a trademark of Ashton-Tate. IBM and IBM PC are trademarks of Intemational Businass Machines Corp. 
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FROM 
CREATION 


You've created a file or document on your 
PC. Now what? 


Because rnost business information needs 
to be communicated, most people print the 
computer file and send the papers by mail, 


courier or fax. Or maybe send a floppy disk. 


If the recipient needs to manipulate or 
revise the data, it must be rekeyed. 


That's the time-honored— and the time- 
consuming—way of doing business. 


What's a faster, cheaper, better way? 
Western Union EasyLink® service. 


€ 988 Western Union Conporaiinn 


COMMUNICATION 


\ 


western union 


Easylink 


and receive data and documents between 
computers. Without a detour onto paper or 
the inconvenience of a courier. And you 
can be sure what you send is exactly 
what's received. 


You can use EasyLink to move the infor- 
mation that moves your business in sec- 
onds. You can move orders and text files. 
Receive reports and graphics. Even send 
product specs and spreadsheets. 


Fast revisions —without rekeying 


EasyLink connects the computers you use, 
regardless of type or location. Files on one 
computer can be sent to other computers, 

eliminating the need to rekey data. 


More than just computer 
communications 


EasyLink even lets you send messages to 
fax machines. Reach your company’s 


IF YOU CREATE ITONA PC 
SEND ITONA PC 
WITH EASYLINK 


Circle 294 on Reader Service Card 


mainframe. And communicate between 
offices or businesses. 


Best of ali, the cost of sending a message 
is comparable to a postage stamp. And 
unlike telephone, the distance makes no 
difference. 


Western Union—a leader 
in electronic communication 


With EasyLink, we're bringing proven 
reliability to today's technology. And you'll 
get added value with EasyLink services 
like InfoMaster® the largest electronic 
library with more than 800 databases. 


Let EasyLink take your PCs from creation 
to communication. To learn how your 
business can benefit, return the coupon. 
Or call: 

1-800-624-9000, ext. 7182 


| 
| 
| 
| 

Company o S o 

City/State/Zip 

Bus. ow( — ) | 
| 
| 
| 


YES, teil me more E 
Show me how EasyLink can turn my company's 

PCs into an efficient, economical new way 10 
communicate. 


Name 
Mall to 


: Western Union 

PO. Box 37472 

Omaha, Nebraska 65137 
Or сай: 1-800-624-9000, ext. 7182 


HARMONY COMPUTERS 


2357 CONEY ISLAND AVE.. (BET. AVES. T & U) BKLYN. NY 11223 
ORDER DEPT. ONLY 800-441-1144 OR 718-627-1000 — INFORMATION 718-627-B888 
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Julian Cohen, chairman of the American 
Home Business Association, told 
Microbytes. 

With over 13 million home busi- 
nesses in operation today, that translates 
to a possible $67 billion industry. 
Cohen conceded that not all home-based 
businesses currently use personal com- 
puters, but he did claim that 70 percent 
of them do, up from 50 percent just 3 
years ago. 

Blue Chip president John Rossi said 
his company, which markets low-priced 
IBM-compatible computers and pe- 
ripherals through mass-merchant chan- 
nels such as Target and Wal-Mart, has 
made a major commitment for 1988 to 
attack the home-business/home-office 
market. Blue Chip will introduce a laser 
printer, a fax card, and a voice-mail 
card over the next few months. 

Cohen and Rossi agree that software 
remains a stumbling block for home- 
based businesses. “Тһе industry is not 


MICROBYTES 


writing software for the comprehensive 
needs of the home business,” said 
Cohen. "There are software programs to 
help individuals keep track of their 
personal investments. Why not programs 
designed specifically to help home- 
business owners keep track of the ge- 
neric functions of their enterprises?" 

"How does someone justify paying 
$500 for a software package when they 
only paid about $500 for the com- 
puter?" Rossi asked. (Blue Chip's entry- 
level personal computer sells for 
$599.) He added, however, that when 
the performance benefits justify it, 
home-business owners do buy the high- 
end word-processing and spreadsheet 
programs, even if they will be running 
them on low-price computers. 

While there might be no place like 
home for working, the costs of setting up 
an office are not trivial. Some opera- 
tors of home businesses estimate an out- 
lay of $5000 to $7000. "You сап get by 


pretty cheaply if you settle for used fur- 
niture," said one man who runs a busi- 
ness out of his house. “You can spend 
the money on a fax machine or a laser 
printer instead.” 

Some observers expect those costs to 
drop. As more companies get into the 
business of fax boards for personal 
computers, for example, they could 
drive the prices down. 

However, some members of the 
computer industry, many of whom work 
at home, said they've heard it all be- 
fore: another big booming business that 
goes bust. One industry watcher said, 
“Sure, there are lots of people who want 
to set up shop at home and who'd like 
to buy this equipment. But all it takes is 
one recession, or a couple months of 
less work than usual, to wipe out the 
savings that these people would use to 
buy this equipment. In their enthusiasm, 
some of the prognosticators forget to 
factor in things like reality." 


TECHNOLOGY NEWS WANTED. The news staff at BYTE is always interested in hearing about new technological and 

scientific developments that might have an impact on microcomputers and the people who use them. We also want to keep track 
of innovative uses of that technology. If you know of advances or projects that involve research relevant to microcomputing and 
want to share that information, please contact us. Call the Microbytes staff at (603) 924-9281, send mail on BIX to Microbytes, 
or write to us at One Phoenix Mill Lane, Peterborough, NH 03458. 
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ORDERING INFORMATION 


FREE SHIPPING. Orders within the USA (including 
Alaska & Hawaii) are shipped FREE via UPS Call lor 
express shipping rates. 

NO CREDIT CARD CHARGE. VISA, MasterCard and 
Discover Card are accepted at no extra cost Your card 
Is charged when your order is shipped Май orders 
please inciude expiration date and authorized signa- 


lure. 
NO COD OR PO FEE. CODs and Purchase Orders are 


Upgrade Your Technology 


USA........ 800-336-1166 


We're Programmer's Connection, the leading 
independent dealer of quality programmer's 


"u n Pu Te АЗ ң 
puters amd compatibles. We can help you ONO Аа Ны ІҢ ЕГЕТТЕ 
р ра - P YOU international... sseresaseresorarerne 106-494-3781 Ш (with Initial minimum order 01 $100) are avaiable to 
upgrade your programming technology with TELEX.. 9102406879 В qualified US accounts опу. | 
some of the best software tools available. FAX QNM s 216-494-5260 — еж a б 
Comprehensive Buyer's Guide. The CONNECTION, OE tS Pon DEO MEET onday пер cay tax oF provide praef o tax-exention 
our new Buyers Guide, contains prices and up-to-date Copyright 1988 Programmer's Connection Incorporated 20-ПАҮ GUARANTEE. Most of our products coma 


with a 30-day documentation evaluation period or a 30- 
day relurn quarantea. Please nola Ма! some manulac- 
turers restrict us Нот offering guarantees on their 
products, Call for more information. 
SOUND ADVICE. Our knowledgeable technical stati 
can answer technical questions, assist in comparing 
products and send you detailed product information 
tailored Lo your needs. 
INTERNATIONAL ORDERS. Shipping charges tor In- 
ternational and Canadian ordars are based on the ship- 
ping carrier's standard rale. Since rates vary between 
carriers, please call or write for Ihe exact cost. Imer- 
national orders (except Canada), please include ап ad- 
ditional $10 for export preparation All payments must 
be made with US lunds drawn on a US bank. Please 
include your telephone number when ordering by man. 
Due to government regulations, we cannot ship то all 
countries. 
MAIL ORDERS. Please include your telephone num- 
ber on ай mail orders. Be sure to specily computer, 
operating system, diskette size, and any applicable 
| compiler of hardware interface(s). Send mail orders 
Duis to: 


descriptions of over 600 programmer's development 
fools by over 200 manufacturers. Each description 
covers major product features as well as special re- 
quirements, version numbers, diskette sizes, and 
Quarantees. 

How to Get Your FREE Copy: 1) Use the reader ser- 
vice card provided by this journal; 2) Mail us a card 
or letter with your name and address; or 3) Call one 
of our convenient toll free telephone numbers. 


If you haven't yet received your copy of the 
Programmer's Connection Buyer's Guide, act 
now. Upgrading your programming technol- 
ogy could be one of the wisest and most 
profitable decisions you'll ever make. 
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Nobody ever said programming 
PCs was supposed to be easy. 

But does it have to be tedious 
and time-consuming, too? 

Not any more. 

Not since the arrival of the 
remarkable new program in the 
lower right-hand corner. 

Which is designed to save you 
most ds min. лу алата Шу 
spen searc ugh the 
biis and hana on the shelf 
above. 

It's one of a quintet of pop-up 
reference pac S, e 
Norton On-Line Programmer's 
Guides, that meray ы your 
data for доп О5/2 Kernel API 


or your favorite programming 


ch package comes complete 
with a comprehensive, cross- 
referenced database crammed 
with just about everything you 


need to know to write applications. 
Not to mention a wealth of wisdom from 
grammers. 
(PC Week used the words "massive" and 


the Norton team of top pro 
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| ® Conversion Guide: 
| shows which 05/2 calls replace DOS 


E 
E 
: 
: 


B Structure Tables: Lists all of the OS/2 

data structures used in the Kernel API. 

DOS-to-OS/2 table 
and ROM BIOS services. 


ASSEMBLY (600K of data) 


| &DOS Service Calls: All INT 21h serv- 


ices, interrupts, error codes and more. 

а ROM BIOS Calls: All ROM calls. 

8 [nstruction Set: All 8088/86 instruc- 
tions, addressing modes, flags, bytes per 
instruction, clock cycles and more. 

a MASM: Pseudo-ops and assembler 
directives. 


BASIC (270K each database) 
а IRM BASICA, Microsoft QuickBASIC 
and TurboBASIC. 
ш Statements and Ғипспопв: Describes 
all statements and built-in library func- 


| tions. 


C 


people who 


| - == “authoritatively detailed" to 
e - т describe the information 
Dd DATA AND FEATURES 
| QS/2 KERNEL API (1M of data) C (600K each database) 
| = Kernel API: Describes all OS/2 АРІ ш Microsoft C and Turbo C: Describes 
services: DOSx, KBDx,MOUxandVIOx. — the C language. 


a Library Functions: Detailed descrip- 
tions of all functions. 

B Preprocessor Directives: Describes 
commands, usage and syntax. 


PASCAL—Turbo (360K of data) 
B Language: Describes statements, syn- 
tax, operators, data types and records. 
ш Library: Describes the library proce- 
dures and functions. 


FEATURES (all versions) 
в Memory-resident —uses just 71K. 
E Full-screen or moveable half-screen 
view, with puc menus. 
B Auto lookup and searching. 
в Tools for creating your own databases. 
я More data: All five Norton Guides fea- 
ture a variety of tables, including ASCII 
characters, line-drawing characters, 
keyboard scan codes and much тоге, | 
2 Includes both OS/2 protected mode | 
and DOS versions. 


contained in the Guides. If you'd rather see for 


yourself, you might take a moment or two to 
examine the data box you just passed.) 
You can, of course, 


d most of this informa- 


Designed for the IBM* P5/2* and PC families, and 160% compatibles. Available at most software 


TE 


ate man 


tion in the books and manuals on our shelf. 
But Peter Norton —who' written a few 
books himself— figured you'd rather have it 


stantly. 
In either full-screen or moveable half- 
screen mode. 
Popping up right next to your work. Right 


A Guides reference summary ‘Sum data expands on 

screen (shown in blue) pops up on command into extensive detail. 

top of the program you're working And you can select from a wide 
on (shown in green). variety of information. 


where you need it. | 

This, p probably thinking,is precisely 
the kind of thinking that produced the classic 
Norton Utilities. 

And youre right. 

But even Peter Norton can't think of 
eve 
ich is why each version of the Norton 
Guides comes equipped with a built-in com- 


o tool 
al labor. 


piler— the same compiler used to develop the 
databases contained in the Guides. 

So nm can create new databases of your own, 
complete with electronic indexing and cross- 
referencing. 

No wonder PC Week refers to the Guides as a 
"set of programs that will delight programmers? 

Your dealer 
will be de- 
lighted to give 
you more infor- 
mation. All you 
have to do is 


Peter Norton 
Computing. 
And ask 
for some 
guidance. 


Peter Nortun- 


COMPUTING 


dealers, or direct from Peter Norton Computing, Inc. 2210 Wilshire Blvd, 8186, Santa Monica, CA 90403. 213-453-236L Visa and MasterCard welcome. ©1988 Peter Norton Computing 
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This Time for Sure 

Thank you for printing my letter ("Forth 
and the NC4016," Letters, December 
1987). However, in transcribing the code 
from my letter to your magazine, numer- 
ous errors appeared. See listing | for the 
correct code. 

When writing Forth code, it 15 impor- 
tant to keep the spacing between 
"words." If this code was entered as it 
appeared in the magazine, it would not 
run, because the interpreter would not be 
able to recognize the "words" defined. 
Also, in the word FIBTEST, the letter O 
was used instead of the number zero (0), 
which, of course, would play havoc with 
the interpreter. 

Also, the last statement in the word 
FIBTEST would be better written in co- 
lumnar form, as follows: 


CR." Fibonacci(" 
NUM 2 U.R." ) = "U. ; 


Douglas Ross 
Greenbelt, MD 


А Tale of Two Integers 

As a delighted user of QuickBASIC ver- 
sions 2.0 through the incredible 4.0, I 
find it an increasingly valuable program- 
ming tool. However, while running some 
existing GWBASIC programs through 
QuickBASIC 4.0, I found the following 
problem: 


10 Bf-30 
20 А=В% x Bt 


will work perfectly, but changing В% to 
300 will not. It seems that multiplying 
any two integers forces the product vari- 
able to integer type, regardless of declar- 
ing or implying it, using double-precision 
floating point, or whatever else you can 
think of. The same thing happens with 
addition if the sum is outside acceptable 
integer range. This turns out to be true in 
QuickBASIC 2.0 and 3.0 also, though 
i's not a problem in various "street" 
BASICs. 

I wrote the people at Microsoft about 
this problem and asked if they had any 
solutions. A very pleasant fellow called, 
and, after going over it a bit, he guessed 
that it was a storage problem and said that 
the company would look into it. 
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Listing 1: Reader Douglas Ross's correct Forth code. 


100 CONSTANT NTIMES 
24 CONSTANT NUM 


: FIB ( Ul -- U2 ) RECURSIVE 


і NUMBER OF TIMES TO COMPUTE FIB VALUE ) 
( BIGGEST ONE WE CAN COMPUTE IN 16 BITS ) 


DUP 2 > IF DUP 1 - FIB SWAP 2 - FIB + 


ELSE DROP 1 
THEN ; 


: FIBTEST ( -- } 
CR NTIMES U. 


." ITERATIONS: " 


0 ( MAKE SURE SOMETHING IS ON STACK ) 
NTIMES i - FOR DROP NUM FIB NEXT 


CR ." Fibonacci íi" 
NUM 2 U.R ." ) = " DL. ; 


I dislike modifying any debugged, 
lengthy programs unnecessarily; it takes 
so long to get the new bugs out. The best 
kludge I have found so far is to convert 
the integers to floating point before the 
calculation, as follows: 


10 B£-300 
15 В=Вў 
20 A=B * B 


When this popped up, il drove me crazy 
until I remembered that an elderly PDP- 
11 FORTRAN compiler did something 
similar and, fortunately, was docu- 
mented. I pass this along to apprise others 
of the problem and to see if anyone can 
suggest a more elegant solution. 
Peter Crosby 
Claremont, NH 


Thanks for the IBM Issue 
Congratulations for an uncommonly ex- 
cellent IBM special issue (Inside the IBM 
PCs, Fall 1987). I have seldom seen a 
magazine issue that contains so many 
original features. 

I concur with the tone of the lead edito- 
rial. Systems Application Architecture 
will be accepted when there are applica- 


tions that use it, and these applications 
provide benefits that are not realized in 
any other way. 

Michael Geary's "Spying on Win- 
dows " gets my vote as the best article. 1 
know of at least six Windows developers 
who got a copy of Spy and pul il to work 
immediately. Greg Weissman's "Corm- 
paring Disk-Allocation Methods” de- 
scribed differences between the DOS 2.x 
and 3.x file-allocation schemes that are 
little known outside of Redmond, Wash- 
ington, and they're useful to me in my 
work. Ray Duncan's, Jeremy Sagan's, 
William J. Claff's, and Cohen and 
Hanel's articles all provided useful in- 
sights in their respective areas. Richard 

continued 


LETTERS POLICY: When submitting a lel- 


| rer for publication, double-space it on one 


side of the paper and include your name and | 


| address. Express your comments and ideas as 


clearly and concisely as possible. We can 
print listings and tables along with a lener if 
they are shor: and legible. 

Because we receive hundreds of letters 
each month, we cannot publish ail of them. 
We cannot return lerters to authors. Gener- 


ally, it takes four months from ihe time we re- 
ceive a letter until we publish it. 


1$ 


Nicholas Petreley, InfoWorld Review Board: 

"FoxBASE + has outdone itself. Once again, FoxBASE+ earns 
an "excellent" in performance, with kudos for responding to 
user suggestions. For sheer productivity, there is no other 
choice.” 

PL. Olympia, Founder & President, National Dbase Users 
Group / Government Computer News: 

“FoxBASE+ is а supercharged dBASE, with ali the features 
Ashton-Tate forgot. If you're into serious dBASE development 
and have not tried FoxBASE+, you are living in the dark ages 
and wasting your company’s money.” 

George E. Goley IV, Contributing Editor, Data Based 
Advisor: 

“The product is fast, very compatible, fast, easy to use, fast, 
relatively inexpensive, and very fast. ln every test, FoxBASE+ 
outperformed the other products. And people who answer the 
phone at Fox know what they are talking about." 

David Irwin, Former President/CEO, Data Based Advisor: 
“From the dBASE compatibility standpoint, FoxBASE+ is flaw- 
less, From the speed standpoint, FoxBASE+ Is unbelievable. 
From the “lazy factor" standpoint, FoxBASE+ is perfect." 
Glenn Hart, Contributing Editor, PC Magazine: 

“Initial tests of FoxBASE+ were simply stunning. In many 
ways, FoxBASE+ gives you the best of both worlds: all the ben- 
efits of interactive development and debugging, plus the speed 
and code protection of a compiler.” 


FoxBASE, FoxBASE+ and FaxBASE + Mac are trademarks 
af Fox Software, dHASE and dBASE [LE PLUS are trademarks 
af Ashton-Tate. Macintosh is a trademark of Apple Computer, Inc. 
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The Experts! 


Who Says FoxBASE-- 
etter than dBASE? 


Pat Adams, Founder, National Dbase Users Group/NYPC 
Consultants SIG: 

“Imagine а dBASE without bugs! Imagine a dBASE that is at 
least six times faster and comes with its own runtime ‘com- 
piler Imagine a company whose tech support department is 
reachable on the first telephone call, and whose staff knows 
what it is talking about. Imagine all that —and more— and you 
have FoxBASE+.” 


Adam Green, Contributing Editor, Data Based Advisor, 
dBASE Author: 

"For the PC, FoxBASE+ has consistently set the performance 
standard for dBASE compatible languages. For the Macintosh, 
FoxBASE+ /Mac will set standards for innovation and leader- 
ship in a new dBASE implementation." 


Don Crabb, Contributing Editor, InfoWorld: 

“You can expect blazing speed on the Mac. FoxBASE + /Mac 
breezes past tests that have proven stumbling blocks for 
Macintosh databases іп the past. FoxBASE+/Mac combines 
complete dBASE compatibility with a genuine Macintosh 
user interface." 


Why not join the experts —get your copy of FoxBASE+ now! 
Visit your nearest quality software dealer, or order directly 
from us by calling (419) 874-0162. 


Because when it comes to speed, compatibility and value, 
nothing runs like a FOX! 


Fox Software === 
Nothing Runs Like a Fox. 


Fox Software, [nc. 


Perrysburg, OH 43551 
(418) 874-0162 
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UTAH | NEW 


a VERSION 4.0 (3) 
COBOL. 


This is the one you've heard so much about — with fast 
compite times, small object code modules, no royalties, 
and clear error messages. Version 4.0 is based upon 
ANSI-74 standards with new features including: 
e Indexed files (ISAM) with up to 24 keys. This advanced feature requires the software 
package Btrieve* which is optionally available @ $190.00. 
e Windowing, pop-ups, color and overlays. This advanced feature requires the software 
package Saywhat?!™ which is optionally available @$45.00, 
e ACCEPT (1,5) numerics with decimal point alignment, numeric checking, AUTO-SKIP, 
SECURITY, LENGTH-CHECK, EMPTY-CHECK. 
e Fast mamory mapped DISPLA's (1,5) ERASE, BEEP, ATTRIBUTE. 
e An easy-to-use, COBOL source code EDITOR with auto line numbering, A-margin, B- 
margin tabbing with full screen cursor control. 

Also available: Utah SuperSort* (9639.95, a fast sort program callable from Utah COBOL; 
Utah FORTRAN ($39.95; Utah BASIC ($39.95; Utah PASCAL (9539.95; Utah PILOT 
@$39.95. Used by 50,000 professionals, students and teachers іп 40 countries. 


= x Since 1977 
VISA a . 
===) Ellis Computing,Inc. 
5655 Riggins Court, Suite 10 
Reno, Nevada 89502 


To order call: 

(702) 827-3030 

ІВМ is a regisiered trademark of Intemational Business Machines, Inc. Brrierve a registered trademark of Novell, Inc. 
Saywhat?! is a trademark of The Research Group. SuperSort is a registered гадетагк of Micropro International Corporation. 
Utah COBOL is a trademark of Ellis Computing, Inc. € 1987 Ellis Computing, Inc. 


What is a Best Western? 


" * 
ш ow i 
hi ME = 


INDE PENDET 
у L С 
осна 


The right place at Ше right price. 


А ІМОЕРЕМОЕМТ 
Make reservations at any Best Western, WORLDWIDE 


see your travel agent, or call toll-free LODGING 


1-800-528-1234 Peper igor ind 


and operated 
hotels, motor inns and resorts" 
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For ІВМ" PC's, XT's, AT's and other DOS machines. Б. 


LETTERS 


Wilton's article on PS/2 video displays is 
commendable, too. More of the same! 

Ben Myers 

Harvard, МА 


Byte, Dyte, Fyte 
Whenever I read "16-bit word" or “32- 
bit word," I wonder, "Why not use 
something else instead of these cumber- 
some expressions?" My solution is to 
make new words. How about “dyte” for 
16-bit word" (double byte) and “ те" 
for “32-bit word" (four bytes)? 
Wasya Maslyucoff 
Irkutsk, East Siberia, USSR 


Electronic Pen Pals 

Congratulations to your editorial team for 
the well-written Microbyte on electronic 
mail at Coopers & Lybrand (January, 
page 12). 

Your staff was able to highlight the 
content and capture the spirit of a lengthy 
address informatively, interestingly, and 
succinctly. E-mail is growing rapidly and 
will become increasingly visible over the 
next 3 years. The role of the personal 
computer has been and will continue to 
be vital to E-mail's success. 

Walter E. Ulrich 
Coopers & Lybrand 
Houston, TX 


Fascinating Fractals 
“А Better Way to Compress Images" by 
Michael Р. Barnsley and Alan О, Sloan 
(January) was fascinating, but the accom- 
panying BASIC program didn't work 
under Microsoft QuickBASIC. I have 
made a few changes to automate x and y 
scaling for each IFS code sequence, han- 
dle sequences of any length, and speed up 
the program in general. The updated ver- 
sion (see listing 2) contains a section that 
needs to be run only once for any IFS 
code sequence. It calculates the x and y 
scale and offsets. In-line documentation 
explains its use. 
P. Leslie Aldridge 
Milltown, NJ 


‚  .Provocative, Too 
I found “А Better Way to Compress 
Images" interesting. The concept of 
using fractals to reduce image storage by 
finding underlying patterns is provoca- 
tive. [t seems to me that in a large data- 
base there should exist compressible 
patterns, and Barnsley and Sloan's tech- 
nique seems to be a good way to find 
those patterns. 

With database compression, the object 
is also not just compression but to find an 
insert faster than before. [ have begun to 


| use this technique in experiments on 


small databases, and, even in the worst 
continued 


Than Most Network k Boards 


With advanced power and five times more 
speed, LANLink 5X" has emerged. 

Coming from award-winning, state-of-the- 
art technology, the new LANLink 5X™ boldly stands 
up to the challenge posed by costly, hardware- 
dependent networks. 

That takes guts for a software-driven net- 
work. But were confident. 

Because we've discovered a high-speed 
networking channel that's already built into most 
PCs...the standard parallel port. 

The High-Performance Alternative to 
Network “Boardom.” Half a Megabit per second, 
with over 500 feet between connections. That's the 
astonishing rate at which LANLink 5X" transfers 
data between PCs or PS/2s using ordinary 
parallel ports. 

But you're not restricted to parallel ports. 
The very same sockets you'd use for modems... 
connect PCs at 115 Kbps. Plus, you get remote 
access support and multi-tasking performance 
under PC-MOS/386”™or PC-DOS. 


Circle 258 on Reader Service Card (DEALERS: 259) 


Superior Results at Inferior Costs. 
LANLink 5X™ lets network users share data, 1000s 
of DOS programs, files, and printers. For about the 
same cost as one network board, you can install a 
five-user LANLink network. Without special hard- 
ware...and in less than two hours. 

Get Network Guts Without Network 
Boards. LANLink 5X" is immediately available 
and comes with a money-back guarantee. Its 
price of $595 includes a server and a satellite mod- 
ule plus the network operating system. 

Call The Software Link TODAY for complete 
details on the fastest software-driven network 
that's ever been available. 

CALL: 800/451-LINK 
In Georgia: Intemational/OEM Sales: Resellers/VARs: FAX: 
404/441-2580 404/263-1006 404/448-5465 404/263-6474 
3577 Lane, Allanta, СА 30092 Telex 4996147 SWLINK 
The Software Link/Canada CALL: 800/387-0453 


- n 


е» THE SOFTWARE LINK 


DEALER INQUIRIES INVITED 


LANLInk, LANLink 5X, & PC-MOS/386 are trademarks of The Software Link, inc. PS/2 A PC-DOS are trademarks of IBM Corn. Prose and Iechrucal specificabons subject to change. 
Copyright £1968. Reserved. 


Ail Rights Re 
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OUTSTANDING 


SOF I WARE 


For IBM PC's and Comp 25 
PER | ER | 
Ё $350 DISK $00 5 DISK р 
Small Quantities For Ten or More 
SHIPPED WITHIN 24 HOURS! 


Satisfaction Guaranteed or Money Back! 
BUSINESS 1—EZ-FORMS business form 


О generation, completion and printing program. ] 
Г) CAD 3— The PC-Flow 1.0 computer aided fow- 
1 chart generabon program. Color graphics required. Д 
[5] COMM 4a,b,c.d,8—(5 disks) Join the world o! 
sysops with BSS Bulletin Board System 14.10. ff 
[2] DATABASE 18,b—(2 disks) File Express 3.8 
3 и driven general purpose database manager. 
E (J EDUCATION 1—interactive COS плогіді for new li 
PC users Makes leaming DOS painless. 
(| EH eh dee: TD d амын Ассомчал 20 — | 
ance management 
IO GAMES 


Viene K Spacewur, Jant- 
Joa. MAR Fughtmare and ы Color required. 
fi С] GAMES 2—Quben, Pango, Centipede, dum- il 
Д geons and dragons style Zoarrg, etc. Color req. 1 
[Г] GAMES 3—Slacdack with customizable rules, 
| — Achar Quarterback (you call plays). and more. i 
Г) GAMES 4— Star Trek, the Caste adventure 
ПФ ied ied 


[ ] GAMES 5— ne Hack adventure game irom the 
! universities. Like Rogue, only much richer. 


[ ] GAMES 6—Pinball, Othello, к, Sopwith 
E — (пу a Sopwith Came!) and more. Color required. Е. 
il [2] INFO тав disks) Cooking recipes database Ш 
м keywordingrecdheont retrieval. your own, 
MUSIC 2n,b—4i? disks) PianoMan 3.0 polyphoni 
1 2 М09С 2а: аа a n 1 


ЕГІ ORGANIZER 1—DeskTeam. a Sidekick cione, 
and tha Judy personal calendar program. 


ЕГІ PRINTER 1—Resident prim control andto Й 
" ublity, intelligent spooler, banner maker, and more. ] 
C] SIMULATION 1—Maze making pr program, MIT's 
| Lie simulation, starfields, eic. Color graphics req. 1 
[ ] UTILITIES 1—А collection al invaluable general 
purpose DOS utikbes An absolute must for ail | 
[ ] UTILITIES 2—Моге invaluable DOS utilities in- 
duding screen burnout, ram disk, and more. | 
[ ] UTILITIES 3-А compnibensive sat of debugging 
i and diagnosbc utiles for monitonng your computer Й 


NEW RELEASES UPDATES 


BUSINESS 2—Expres business graphics 
0 U BUSINESS 2- cre Color graphics req. | 
талал 1а, юке) Fingerpaint 1.2 advanced 
1 a A a teta ec Loci design Coker. | 
ІШ CAD d 22,b-—(2 disks) DanCadad, ал advanced D 
2D/3D drafting program vdarimedion. 640K. color. 1 
1 [2] COMM 2a,b—{2 disks) Procomm 2.42, an excel- 
P lant modem program with terminal emulabon. { 
ГІ EDUCATION 3—РС-Разуре 1.20 typing tutor, 
V ideal lor begmners and advanced students alko 1 
FINANCES За,5—42 disks) Express Calc 3.12, 
B) a powertul and plis ein aa ат program. Al 
[Г] GAMES 8—Sirikar hetoopter attack and Risk, the 
[— game of world domination. Color required. Д 
GAMES 12 Bagin ( the comput 
| О and Wheel of Fortu Ap iie сын a 4 
B ГІ GRAPHICS 1..Racord and pay tock scroanim- 1 
ages! Excellent for demo, etc Color required. 
№ (3) GRAPHICS 2a bio (36 disks) An excellent 3-0 1 
| z surfaca modelling ning башын A fi 
INFO 2a,b—(2 disks) 
INFO гае асы pede Meri | 
ii [2] LANGUAGE Sab c disks) The A86 3.09 
RELAIS nd debugger for 0848672068. n 
[а] SHELL. = re disks) Automenu and НОМ II 
ELI disk prog. for custom full-screen menus, ] 
О UTILITIES 5. Hard disk utilities for veritving, tor- 
і matting, parking and optimizing your disk 4 
‚ Г] UTILITIES 6--Асуаповсі utilities induding 
1 Mark/Release (remove resident progs w/o reboot) 1 
E C UTILITIES 7.—More advanced ublibes including | 
Masterkay (undeleres hlos from hard disks). 
E [2] WORD 18,b—(? disks) PC Write 271, apowerlu | 
word processing system w/epell checker, laser supt. 
В Mosi sottware listed is shareware ог uSer-supported. P 


азатты ada S! disk. 1325 рде dueclory ada М2? 


nochs Street ippng — $300 
В Santa Сага, СА CA ros tax  - | 
| 95051 Totalenc. — |. 


m (408) 737-9000 esi T 


Mon Fn 7am-Spm. Sar Sun 8am- Spm 
qur ieri чуча 
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Listing 2: Automated scaling program. 


DIM а(4), 5(4), c(4), d(4), e(4), £(4), р(4) DATA 4 


DATA 
DATA 
DATA 
DATA 


а b c d & f 
‚85, .84, -В.84, .85, 8, 1.6 
.2, "8.26, „#3, „22, 8, 1.6 

-Q.15, 8.28, 8.26, .24, 8, .4 
e, g, 8, .16, 0, В, 

READ m% 

pt = 8 


FOR j& = 1 TO m$ 


рі = pt + pk 
piji) = pt 
NEXT 1% 
SCREEN 2 


x=@ 
y= ё 


p 
„85 


-07 
97 
‚81 


maxy = Q: maxx = 9: miny = B: minx =@: 


# 


xoffset, 


calculations for scaling. 


= ы аз аң қ u ң ә 


FOR p% = 1 TO 25808 
"рК = RND 
‘FOR k$ = 1 TO mt 


“IF pk <= p(k*) THEN EXIT FOR 


” NEXT kt 


'пемх = afk) * x + b(k*) Е y + е(К%) 
‘печу = с{Х%) * x + d(k&) * y + f(k) 


х = newx 

'у = newy 

FIF x > naxx THEN maxx 

‘IF x € minx THEN minx 

'IF y > maxy THEN maxy 

"ТЕ y < miny THEN miny 
"НЕХТ n% 


пони 
чы мох 


scale = 648 / ABS {maxx - minx) 
'узса{е = 208 / ABS (maxy - miny) 


*xoffset = ABS(minx * xscale) 
‘yoffset = ABS (miny * yscale) 


breakpoint here 


For each new set of IFS codes: 


Ї(2%), pk 


Та get the proper values for xscale, yscale, 
yoffset remove the comment 
characters from the FOR loop below and run 

breaking at the end of the loop after the 


[4 
* To get the proper values for scaling and offset 
ғ 


xscale = 132.5282: 


x= б: ү = B 
CLS 
FOR n& = I TO 19 
pk = RND 
FOR k& = 1 TO m$ 
IF pk <= 
NEXT kt 


newx = a(k$) * x + bik) * y + e (kA) 
newy e c(k&) * x + d(k*) "у + £(k%) 


X = newx 
y = newy 
NEXT nå 
FOR n& = 1 TO 10988 
pk = RND 
FOR К% = 1 TO mt 
IF pk <= р(К%) THEN EXIT FOR 


xoffset = 288.6788: yscale = 
20.88657: yoffset = Ө 


pikt) THEN EXIT FOR 


continued 


Did You Know? 


Everex supplies a complete line 
of modem products 


Whether you own ІВМ? PCs, XTs", 
ATs? or compatibles, PS/2" systems 
or Apple® Macintosh" computers, 
our complete line of Evercom" 
modems will work for you. 


From the early days of the IBM PC, 
Everex has delivered quality add-on 
products at affordable prices. Our 
most recent introductions are the 
pocket size, full-featured Mini 
Modem and one of the first internal 
modems for P5/2 systems. 


Everi. Егетгінгі, Mind Modem and Ете?Ғак are Iriderarks, and EVER 


for EXcelhence № a терилет tredemerk of Everez Systems, tor. ШЫ ancl 
trademarks and ЕС, XT and күч aei зен Д 


AT are терінегей 
termationsl usinesg 
Macintosh ін в inmdemark 
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Quality and Features 
at Affordable Prices 


If you need an internal modem for 
your home system, a Mini Modem" 
for the road, or a rugged external 
modem for work, an Everex modem 
can satisfy all your data commu- 
nications needs. 


The Latest Technology 


The Everex family of data modems 
now includes FAX capabilities with 
our EverFax" product. The EverFax 
12/48 offers the simplicity of Fax 
communication through your PC 
with over two million facsimile 
machines. When you can't afford 
any transmission errors, Everex has 
ММР" error correction modems (in- 
ternal or external) at 2400 bps for 
РС/ХТ/АТ and PS/2 computers. 


Everex modems are a cost effective 
way to add data communications 
capability to your personal compu- 
ter. Being a large volume supplier 
of modems, Everex has extensive 
experience in developing and 
supplying modems. 


Industry Compatible 
Each Everex modem assures 
you of compatibility with existing 

standards no matter where you 
are in the world. Our Everex 
engineers are active on national 
and international committees 
developing communications 
protocols and the latest standards. 
This involvement strengthens our 
commitment to the industry and 
assures our customers 10096 com- 
patibility with other modems. 


Our Commitment to 
Data Communications 


The name Everex has come to mean 
quality, reliability and outstanding 
customer support in modems. So 
whatever your data communications 
needs, Everex has the right 

product for you. 


For more information or the name 
of your nearest Everex dealer please call: 


nusa 1-800-821-0806 
асан. 1-800-821-0807 
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NEXT kt 

newx = a(kt) * x + b(k$) * 
newy = c(k$) * x + d{k&) * 
x а newx 

y = newy 


PSET (x * xscale + xoffset, 


NEXT nf 

LOCATE 24, 35 
PRINT "End."; 
WHILE INKEYS = "" 
WEND 


SCREEN 8 
END 


y + e(k&) 
у + Ё{(Х%) 


у * yscale + yoffset) 


NOW THERE'S AN 
EXPERT SYSTEM EVEN 
THESE GUYS CAN USE. 


Expert systems aren't 
just for experts anymore. 
Thousands of our customers 
use ]st-CLASS* to help 
troubleshoot complex equip- 
ment, assist with telephone 
support, analyze financial 
applications, and prepare 
complex documents. 

Ist-CLASS Expert 
Systems are the recognized 
industry leaders in ease of 


use. They require no training 
to use, and no royalty pay- 
ments when you distribute 
your work. 

Whether you're saving 
money for your company or 
making money selling knowl- 
edge systems, we'll make 
your performance Ist-CLASS. 

For IBM*PC and DEC 
VAX* computers. Priced from 
$495 to $1295. 


I:CLASS 


Expert Systems, Inc. 
For more information, or to order, call toll-free today: 1-800-872-8812 
(1-617-358-7722 in MA) 286 Boston Post Road Wayland, MA 01778 
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case, compression seems to be 100 to |, 
which translates into access times being 
sped up at least 100 to 1. I wonder if any- 
one with a truly large database would be 
interested in helping out with such 
experiments. 
Robert McLaughlin 
Leesburg, VA 


Fast Data Access 

In response to the article entitled “Рая 
Data Access" by Jonathan Robie (Janu- 
ary), I would like to offer the following 
suggestions: 

Any p r competent in BASIC, 
dBASE, or other languages can build in- 
dexes to a large database where an index 
requires only 2 bytes of memory and/or 
disk per record, even when the index rep- 
resents several fields and hundreds of 
characters of data. Virtually any number 
of indexes can be "open" at the same 
time, since all the index stacks can be 
written to a single file. 

These are known as "string-stack"' in- 
dexes, and their performance is easy to 
calculate. Using a 20-millisecond access 
hard disk drive, the ume needed to add a 
record to an existing 60,000-record data- 
base is less than 0.5 seconds per index. 
Finding the first record in a sequence 
takes about 0.3 seconds, and subsequent 
records in indexed order are retrieved at 
the rate of 50 records per second. 

Flat-file management takes on a whole 
new meaning when a user can feasibly 
maintain 10, 20, or more multifield in- 
dexes on-line at all times. Even the rela- 
tional systems could use this technique by 
including an extra byte to point to differ- 
ent files. 

Fully implemented examples of this 
system are available in a number of 
BASIC dialects and should convert easily 
to other common languages. 

Dale Thorn 
Ventura, CA 


From Humber 

Thank you for "Managing Immense Stor- 
age" by Theodor H. Nelson (January). 1 
found the concept of “humongous num- 
bers," or "humbers," as the author 
termed them, intriguing. After finishing 
the article, I sat down and started playing 
with humbers at my computer. 

As of this writing, I have implemented 
algorithms in Modula-2 that provide the 
basic arithmetic and ИО operations for 
humbers. I am willing to make available 
my source code to any BYTE reader who 
cares to write to me. 

I did the programming in Workman & 
Associates’ FTL Modula-2 (Large Mem- 
ory Module), but it should be usable in 
any Modula-2 environment because I 

continued 


. . and a complete line 
of graphics adapters 


Everex is the only graphics board 
vendor you need. Whether you are 
selecting your first personal com- 
puter or buying hundreds for your 
office, choosing the right graphics 
card is easy with Everex. With 
PGA, VGA, EGA, CGA, MDA, or 
ultra-high monochrome resolution, 
Everex has just what you need. 


Everex has been there 
From the Beginning 

Everex introduced the Graphics 
Edge" graphics card for the ІВМ? 
PC in 1983, providing the then 
unique capability to run CGA and 
Hercules? programs on the same 
monochrome monitor, Since those 
early days of the PC, Everex has 
continued to innovate graphics 
technology, bringing new products 
to the marketplace. 


Compatibility with 

Existing Standards 

All Everex graphics adapters are 
fully compatible with all the existing 
graphic modes established by IBM. 
And while we include unique 
features on many of our graphics 
products, we make sure that none 
of the established standards 

are compromised. 


Fees атый Graphics 


Advanced Engineering 


The Everex dedication to excellence 
has led us to develop our own pro- 
prietary chip sets. This allows us 
greater control in the design of our 
graphics cards. Our use of ASIC 
(Application-Specific Integrated 
Circuit) technology reduces chip 
count for cooler operation and 
improved reliability. 


Most important, our own chip 

sets enable our design teams to 
incorporate the many special 
features you have requested, while 
maintaining the standard features 
you have come to expect from 
Everex products. 
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Fully Tested with 
a Human Touch 


We hand test every Everex graphics 
card for true color and tone on a 
video monitor in our factory before 
it's shipped. So before you ever 
install your Everex graphics card, 
we've made sure that it's just right 
for you. 


үр 


MIN 
| UM ES 
m i Р ` 


For more information or the name 
of your nearest Everex dealer please call: 


nusa 1-800-821-0806 
"см 1-800-821-0807 
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didn't use extensions. My system runs on 

IBM PC-DOS 3.3, so the disks will be 

DOS-compatible. Readers should en- 

close a check for $7.95 to defray the cost 
of the disk, postage, and so on. 

Mark S. Niemczyk 

Arete Systems inc. 

2431 Aloma Ave., Suite 111 

Winter Park, F1, 32792 


Context Sensitivity 

In “Natural-Language Processing" (De- 
cember 1987), Klaus K. Obermeier, in 
discussing whether English is a properly 


Buy Let's C^ with csd” 
for just $75. If you're 

not satisfied, get 

Turbo C or QuickC. Free? 


context-sensitive language, gives the fol- 
lowing example string: “Тһе programs 
compiles slowly." He then comments, 
^You can add additional rules to the 
grammar that would disallow such sen- 
tences, but these rules would destroy its 
present simplicity." This is both incor- 
rect and irrelevant. It 15 incorrect because 
all the grammar types under discussion 
are monotonic—addition of rules can 
only increase (or leave unchanged) the set 
of strings generated, not decrease it. And 
it is irrelevant, since the simplicity of a 
grammar for a language has no bearing 


Why are we making this incredibile offer? Because we're absolutely cer- 


lain Lets C and csd C 
you can own. 


urce Debugger are the best C programming tools 


Rest assured that, like its competition, Lets C features incredibly fast 
in-memory compilation and produces extremely mies nie quality code. 
o 


The differences lie in how much faster you can ре 


chores. 


rm other programming 


Our debugger, for example. can cut development time іп half. But that's 


not ali: 


“cad is close to the ideal debugging environment... a definite aid to 
learning C and an indispensable tool for program development." 


And comparaiively speaking: "No debugger ts included іп the 
—Michael Abrash. 


package ...a serlous shortcoming. 


-William С. Wong. BYTE 
rbo C 


mer s Journal 


Unlike our competition. Lets C includes its own full-featured assembler, 
features documentation with complete examples and technical support with 


complete answers—the first time you call. 
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LETS C: 
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[| | Mark 
UU, Williams 
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on whether the language is, or is not, 
properly context-sensitive. Nor is the size 
of the set of rules required relevant. If a 
grammar with a finite set of context-free 
rules can be given for a language, then 
that language is not properly context- 
sensitive. 

Obermeier also refers to the grammar 
in his figure 2 as "a simple context-sensi- 
tive grammar," which is true, but mis- 
leading. The grammar concerned is, in 
fact, a context-free grammar and thus 
trivially also а context-sensitive gram- 
mar. However, referring to it as a "con- 
lexi-sensitive" grammar, as Obermeier 
does, implies that it is not (merely) con- 
text-free. 

Gerald Gazdar 

Professor of Computational Linguistics 

The University of Sussex 
Brighton, UK 


FIXES 


е Inthe February BYTE on page 236, we 
labeled XLISP as "public domain," and 
we neglected to mention its author, David 
Betz. XLISP is actually à copyrighted 
program that is freely distributable for 
noncommercial use. 


* The phone number we published for 
Toshiba America in the review of the To- 
shiba T3100/20 (January) is wrong. The 
correct number is (714) 583-3000, 


е The NEC MultiSync Plus, which we 
included in the review of multiscan moni- 
tors (February), is not intended for use 
with CGA. The unit worked fine in our 
CGA test, but NEC says the unit might 
not work with all CGAs. The same holds 
true for the MultiSync XL. NEC says its 
MultiSync II ($899) is intended for use 
with CGÀ and higher-frequency adapt- 
ers, such as ЕСА апа PGC. 

We said the Mitsubishi AUM 1371A 
had a 17 percent change in line displace- 
ment, and the NEC MultiSync Plus and 
Conrac 7250 monitors had 0 percent 
change. That should be a O-millimeter 
change for the NEC and Conrac and a 
0. ]7-mm change for the Mitsubishi. 

Finally, Taxan's Multivision 770 Plus 
monitor has a maximum resolution of 
800 by 600 pixels, not 640 by 480 as 
stated in the review. 


е SuperMac Technology's phone num- 
ber that we published in "Screening Mac- 
intosh II Color Monitors" (March) is in- 
correct. The correct number is (415) 
964-8884, and the scanning frequency of 
its monitor is 48 KHz by 60 Hz. в 


. . and a complete line 
of tape backup products 


Since 1984, Everex has been an 
industry leader in the PC tape 
backup market. Every day, Everex 
tape products are used to protect 
data on ІВМ? PCs, XTs", ATs® or 
compatibles, PS/2™ systems and 
Apple® Macintosh" computers. 


A Wide Selection 


Because we know that everybody's 
backup requirements—and 
budgets—are different, Еуегех 
provides a wide selection of tape 
drive models. You can choose from 
cassette, mini-cartridge, or cartridge 
tape drive models that have 
capacities ranging from 40MB to 
125MB. 


And, to reduce your overall backup 
equipment costs, you can share one 
external tape drive among several 
PC systems by installing controllers 
in each system and rotating the 
tape unit from PC to PC. 


PC to PS/2 and 
Back—Effortlessly 


With our Micro Channel™ tape 
controller, Everex provides backup 
capability for the PS/2 family of 
personal computers. And, because 
we maintain the same data 
recording format between PCs and 
PS/2 systems, you are assured of 
error-free data migration between 
PCs and PS/2s. 


Backup Software that 
Thinks for You 


Everex supplies easy to follow, 
menu-based software with all of 
its tape systems. You can save or 
restore an entire mirror image of 
your disk, including non-DOS 
information. Or you can restore 
individual files from a tape that 
contains a complete image 
backup. Backup and 
restoration of data over 


4 Compuler, Inc. Novell із a геріметені trademarb, сі Noveli Inc 
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Novell® networks, including the 
Bindery and Trustee files that 
contain Novell network security 
information, is another standard 
feature. 


And, our software-guided 
installation and configuration of 
both hardware and software makes 
installing our tape system a breeze. 
The tape diagnostic utilities are the 
most extensive available, and if you 
get lost, we offer context sensitive 
on-line help information. 


Friendly, Knowledgeable 
Support 

In case you might need help, our 
knowledgeable Technical Support 
Staff is ready to answer your 
questions. They know our products 
inside and out and are ready to 
provide expert assistance whenever 
you need it. 


For more information or the name 
of your nearest Everex dealer please call: 


in USA 1-800-821-0806 
ш саш. 1-800-821-0807 
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Create геа 
Programs wit 
Blaise TOOLS 


Whether you're an expert or a novice, you can 
benefit from using special tools to enhance your 
programs, make them reliable, and give them a 
professional look. With windows, menus, pop-up 
memory resident programs, and communications 
support, Blaise Computing offers you a wide 
range of programming tools to let you take full 
advantage of the Microsoft and Borland pro- 
gramming environments. АП language support 
packages include fully commented source code, 
complete comprehensive manuals and sample 


programs. 
C TOOLS PLUS/5.0 $129.00 


Full spectrum of general service utility functions 
including: windows; menus: memory resident 
applications; interrupt service routines; interven- 
tion code; and direct video access for fast screen 
handling. Specifically designed for Microsoft C 
5.0 and QuickC, 

$129.00 


Turbo C TOOLS 
Windows and menus; ISRs; intervention code; 
screen handling including EGA 43-ine text mode 
support; direct scrcen access; and memorv resi- 
dent applications. Carefully crafted specifically 
to complement Turbo C. 

$129,00 


Turbo POWER SCREEN 
NEW! General screen management; paint screens; 
block mode data entry or field-by-field control 
with instant screen access. Now for Turbo Pascal 
4.0, soon for C and BASIC. 


Turbo POWER TOOLS PLUS 3229.00 
NEW VERSION! Now supports Turbo Pascal 4.0. 
Screen, window, and menu management includ- 
ing EGA support: DOS memory control; ISRs; 
scheduled intervention code; and much more. 


Turbo ASYNCH PLUS $129.00 
NEW VERSION! Now supports Turbo Pascal 4.0, 
Interrupt driven support for the COM ports. 1/О 
buffers up to 64K ; XON/XOFF; up to 9600 baud; 
modem and XMODEM control. 

$175.00 


ASYNCH MANAGER 
Full featured interrupt driven support for the 
COM ports. I/O buffers up to 64K: XON/XOFF; 
up to 9600 baud; modem control and XMODEM. 
For Microsoft С. Turbo C or MS Pascal. 


KeyPilot 549,95 
"Super-batch" program. Create batch files which 
can invoke programs and provide input to them; 
run any program unattended; create demonstra- 
lion programs; analyze keyboard usage. 


PASCAL TOOLS/TOOLS 2 $175.00 
Expanded string and screen handling; graphics 
routines; memory management; general program 
control; DOS file support and more. For MS- 


Pascal. 

EXEC $95.00 
NEW VERSION! Program chaining executive. 
Chain one program from another in differeni 
languages; specify common data areas; less than 


2K of overhead. 

RUNOFF $49.95 
Text formatter for all programmers. Written in 
Turbo Pascal: ПехіМе printer control; user-defined 
variables: index generation; and a general macro 
facility. 


TO ORDER CALL TOLL FREE 
800-333-8087! 


BLAISE COMPUTING INC. 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 1414) 540-5441 
32 BYTE * APRIL 1988 


CHAOS MANOR MAIL 


Jerry Pournelle answers questions about his column 
and related computer topics 


Wants Electronic Support 
Dear Jerry, 

I have been reading BYTE and other 
computer magazines since 1984, and I 
have noticed one very large problem with 
computer manufacturers. They rarely 
electronically support their software, and 
when they do, it's usually through a ser- 
vice that costs lots of money. Only one 
commercial company that I know of sup- 
ports its customers via a free service: 
USRobotics, the founder of the FidoNet 
National Communications Echo. 

Why don't other companies get in- 
volved in such phenomena? Certainly 
they're cheaper, and you probably get a 
larger segment of the human communi- 
cating population. It certainly would be 
nice if, once the companies have got our 
money, we didn't have to pay even тоге 
money to ask them questions. 

I have also read your gripes about 
Microsoft Word. I wrote this letter using 
Word, and I like it. I think T know why 
you have a problem with it and I don't. 1 
use the original IBM PC keyboard, and I 
don’t use a mouse. I also type with 5.33 
fingers. This means that all the kevs are 
easy to reach (to delete this parenthetical 
remark, I'd reach over with my left 
ріпку, hit the F6 and F8 keys in rapid 
succession, then reach over with my right 
pinky and hit the Delete key). Maybe the 
new keyboard is not so enhanced after 
all. 

I also don't like the cost of sending you 
this letter. If you had (or, at least, pub- 
lished) a FidoMail or Usenet address, it 
would cost me only 14 cents. If the folks 


| at BIX gave us FidoNet people a link into 


their mail system, it would still cost only 
14 cents. As it is, this letter costs 22 


| cents. Eight cents can add up quickly. 


Garrett A. Wollman 
Burlington, VT 


it's a іо easier for me to deal with 
paper тай when the time comes to select 
mail for replies. Г doubt that 1 could 
handle the volume I'd get on FidoNet or 
Usenet. —Jerry 


Merely a Z-100 
Dear Jerry, 

À while back, you were looking for an 
IBM PC-compatible that could read your 
8-inch disks. I am writing this letter on 
just such a machine. Їп earlier times, it 


was a mere 2-100. Now, with the Scottie 
board and the Heath User Group ZPC 
software, it runs most IBM PC programs 
right out of the box, giving me adequate 
compatibility with the IBM PC XT at 
work. 

The text processor is the IBM PC ver- 
sion of Galahad, originally made for the 
Zenith at Clarkson College and ported to 
the PC. I regularly run VP-Planner, VP- 
Info, and the PC version of Turbo Pascal 
using the ZPC simulator. With a few key- 
strokes, the machine again becomes the 
old reliable 768K-byte Z- 100. The 8-inch 
disks can be used from either side. 

[ know you have mentioned this ma- 
chine before. It will be some time before I 
outgrow it. When [ bought the 8-inch disk 
drives, they were less expensive than a 
hard disk drive. Also, 1 was sharing the 
machine with other family members. As 
long as each one of us kept our world on a 
pair of 8-inch disks, we could never harm 
each other's worlds. 

For disk-intensive activity, I pay a pen- 
alty. But other than that, I have 2.5 mega- 
bytes available at any time, and when a 
long session is over, a simple COPY C:*.* 
D: does а neat job of creating a second, 
reliable copy of everything that 
happened. 

This machine is what we euphemisti- 
cally call "mature technology“ —not the 
very latest, but it works and works and 
works. And for a few of us mavericks, 
that is what counts. 

Leon В. Case П 
Portland, CT 


The Z-100 is still one of the best ma- 
chines around, provided that you know 
something of what you're doing. Of 
course, Zenith brought it out just before 
IBM decided to saturate the market with 
its DOS machines, and it took a long time 
before the need for, and the ability to 
have, PC compatibility was achieved. By 
then, even Zenith had sort of given up on 
the Z-100; but it's sure а nice machine. 
—Jerry 


continued 


Jerry Pournelle holds a doctorate in psy- 
chology and is a science fiction writer 
who also earns a comfortable living writ- 
ing about computers present and future. 
He can be reached c/o BYTE, One Phoe- 
nix Mill Lane, Peterborough, NH 03458. 


Everex has the Answer 


Whatever you need for your PCs, 
XTs", ATs? or compatibles, 

PS/2™ systems and Apple® 
Macintosh" computers, Everex has 
the answer. Everex designs and 
manufactures products to enhance 
the power and capability of your 
system. 


From modems to graphics adapters 
and tape backup, Everex makes 
more than 100 products—including 
our popular hard disks, tape 
backup and memory/multifunction 
boards. Everex can provide the 
right solution—at the right price. 
And Everex products support the 
newest technologies, from 05/2" 
to EMS 4.0. We also have advanced 
20 MHz/80386 and 16 MHz/80286 
personal computers. 
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From our beginning in 1983, the 
people at Everex have provided 


quality products at affordable prices, 
with a commitment to personal ser- 


vice. Our honest, straight-forward 
approach has transformed Everex 
into a multi-hundred 
million dollar company 
employing over 1300 
people worldwide. 


With more than 175 engineers 
involved in research and 
development, we consistently 


develop the innovative PC products 


that you need. And because 10096 


of all Everex products undergo final 


assembly and test in our 250,000 
square foot headquarters in 
Fremont, California, we offer 
unparalleled quality, response and 
service to our rapidly growing 
family of dealers. 


А staff of over 200 service- 
oriented people is available to 
answer your questions and 
insure that orders are processed 
and ready to ship within 48 
hours. Everex also has 
knowledgeable people to help 
with technical support, too. 


From initial design through 
manufacturing, testing, and 
after-sale support, Everex's 
complete dedication to 
quality, affordability, 
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innovation, and service assures 
you of the best value in personal 
computers and enhancement 
products. 


бо, whatever your personal 
computing needs, Everex has 
the answer. 


For more information or the name 
of your nearest Everex dealer please call: 


musa 1-800-821-0806 
in cas. 1-800-821-0807 
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Another RAM-Resident Solution 
Dear Jerry, 

In the September 1987 column, you 
wrote about having troubles with your 
resident software and gave an example of 
a batch file that rewrites the AUTO- 
EXEC.BAT file. I think I've got a better 
solution. 

The Norton Utilities (at least the ad- 
vance edition) includes a program called 
Ask, which can be used to solve problems 
like yours in a tidy way. Ask lets you 
build menus in a batch file, input into the 
batch file, and set the error level accord- 
ing to your input. А better solution to 
your problem could look like this: 


ECHO 1. Ready!, SuperKey, SideKick 
ECHO 2. Lightning, SideKick 

ECHO 3. DESQview 

ECHO 4. Windows 

ASK "What shall I load", 1234 

1f errorlevel 1 then goto. 

if errorlevel 2 then goto . 


If you want to stick to your method, 
you could write a little program that re- 
boots the system via interrupt 25. 

I do almost al] my editing with the Nor- 
ton Editor, which can do all you need and 
is very small. It also supports a mouse if 
one is connected. Just press the left 
mouse button, and you can move the cur- 
-sor around; press the mouse again, and 
you drop the cursor at the new location. I 
find that very useful. 

When it cornes to output, I use TEX. 
Му second choice is MicroStar from the 
Turbo Editor Toolbox; it cooperates with 
Lightning nicely. 

Konrad Neuwirth 
Vienna, Austria 


CHAOS MANOR MAIL 


Your solution is more elegant. Among 
other things, it takes up a lot less mem- 
ory, since the minimum size file under 
DOS 3.x is 2K bytes. 

I fear you are beyond me with TEX; I 
have so far found it to be a black art. 


—Jerry 


WordStar 4.0 Wrinkles 
Dear Jerry, 

I wrote to you previously to describe a 
problem with WordStar 4.0 not properly 
supporting the extended character set 
when used for program source codes. 
Further investigation shows that Word- 
Star 4.0 assigns three characters for each 
extended character. А hexadecimal dump 
of a WordStar 4.0 file that has the ex- 
tended characters shows that each ex- 
tended character is preceded by hexadeci- 
mal ІВ and followed by hexadecimal ІС. 

MicroPro has notified me that it will 
provide a program to take a file having 
the extended character set and print it to 
disk so that the offending 1B and 1C 
codes surrounding each graphics charac- 
ter are removed. This solution should be 
workable, but it seems awkward. A better 
solution seems to be to use a program 
such as WordStar 2000, which does not 
have this feature. Other than this anom- 
aly, I have found WordStar 4.0 to be an 
excellent program. 

One other point that is somewhat frus- 
trating is that the version of Word Finder 
supplied with WordStar 4.0 supports 
only WordStar 4.0. Microlytics's generic 
version of Word Finder does not support 
WordStar 4.0, so if I want to use Word 
Finder with other programs, such as 
SideKick, I have to maintain two Word 
Finder programs and dictionaries on my 


hard disk. This seems ridiculous, since 
the dictionaries appear to be identical. I 
suppose this is another form of copy 
protection. 
Thomas S. Cox 
Greenville, SC 


l expect it is some kind of publication 
protection scheme. The chaps at Micro- 
lytics are generally good guys and don't 
use copy protection. I'll have to ask about 
this. 

People who like WordStar seem to like 
WordStar 4.0 a lot. There's a dance in 
the old girl yet. —lerry 


CP/M Plus Source? 
Dear Jerry. 

І bought a TeleVideo I Portable with 
CP/M Plus, and although | wrote to the 
Professional Computer Group in Bangor. 
Maine, no one ever answered. (I have 
written several letters—even one with re- 
ceipt requested, which was received but 
not answered.) 

The problem is that the CP/M Plus 
software is for a different machine, so the 
128K bytes is useless! 

Is there anybody in the U.S. who is 
willing to support the old CP/M? Is there 
anything like the Norton Utilities for 
CP/M? 

Alex Korth 
Buenos Aires, Argentina 


Workman and Associates (1925 E. 
Mountain St.. Pasadena, СА 91106, 
(818) 791-7979) and Spite Software 
(4004 Southwest Barbur Blvd. , Portland, 
OR 97201, (503) 228-8223) try to sup- 
port CP/M systems. There are probably 
others, but 1 don't know who. —Jerry Ш 


BYTEK's NEW 135 MULTIPROGRAMMER™ OFFERS 18/12 PROTECTION PLAN 


BVTEH 


Call us today at: 
1-800-523-1565 


in Florida: (305) 994-3520 
FAX: (305) 994-3815 


CORPORATION 
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INSTRUMENT SYSTEMS DIVISION 


BYTEK's 135 programs virtually any 24-, 28-, & 32-pin (E)EPROM 
from 16K to megabit devices. Sets of devices, 16- & 32-Bit Wide, 
сап be downloaded into RAM via the Н5232 & programmed іп опе 
easy operation. As a stand alone Gang Duplicator, up to 8 EPROMS 
can be copied at one time, (optional 16 EPROMS). 


UNIVERSAL: With standard 256K x 8 RAM, expandable to 2 
MegaByte, the 135 supports more devices than any other produc- 
tion programmer on the market today. Options available to program 
40 pin EPROMS, (E)PLD/GALs, Bipolar PROMs, & 40 pin Micro 


Computer Devices. 


18/12 PROTECTION PLAN: BYTEK offers a full 18 Month Warran- 
ty, & 12 Month FREE Device Updates. 


1021 South Rogers Circle, Boca Raton, FL 33487 


Circle 47 on Reader Service Card 


Опе for all. 


Resolve your graphics needs. With 
one graphics board. MultiEGA by BOCA 


Software drivers Compatible with delivers 640 X 480 high resolution to 
included digital and multiple ^ multiple frequency monitors, and pro- 
frequency monitors vides EGA, CGA, НСС and MDA standard 

Advanced chip resolutions for compatible monitors. With 
set/low up to 16 colors displayed simuitaneously 


| from a palette of 64, you'll get sharp, 
А clear graphics that seem to jump out of 
the screen. 
dte Multi-featured. MultiEGA also brings 

va | added versatility. Just a sample of 
жж. software provided includes auto- 
a сен? ж matic display mode switching 
* ad for ease of use; Microsoft 
| Windows and AutoCAD 
drivers for high resolu- 
tion, 640 X 480 
pixel graphics: 
plus four Lotus 
1-2-3 and 
Symphony text 
modes and 
one for WordStar 
to display text up to 132 
columns by 43 lines. Special 
utilities are included for design- 
ing and downloading your own 
character fonts, and a screen save 
feature helps protect your monitor. 
Hardware features include advanced 
design with fewer chips, allowing greater 
speed while reducing the chance of 
component failure. MultiEGA also in- 
cludes 256K of onboard video memory, 
a light pen port, two RCA video jacks 
and a feature connector. 

Built-in quality. MultiEGA is made, 
serviced and supported in the USA 
using high-quality, high-reliability com- 
ponents. It requires one expansion slot 
of any IBM PC, XT, AT or compatible. 
Installation is easy, and if you have a 
problem or question, MultiEGA's two- 
year warranty includes free technical 
support. 

When you add up all these features, 
you'll get one answer: MultiEGA. To 
order your own MultiEGA, see your 


dealer or contact us directly. 

MuttiEGA із в bademark cf Boca Research, inc. All other references 

to фев systems, software and peripherals use trademarks 
their respective menwacturers. 


BOCA 


chip count 


| - | 
Manufaclurer/ $. 
= 

Келеа P PETER 
Video Seven | | 
VEGA Deluxe vm, Yay $379 

| Paradise Systems | 

. AutoSwitch EGA 480 У! YES 
Boca Research 

Р MulliEGA by BOCA г ты үт” YES 14 


НЕ$ЕАНСН ІМС 


Chart information accurate аз of 1/14/88 6401 Congress Ave., Boca Raton, FL 33487 


* Copyright 1988 Boca Research, ис. Phone: 305-997-6227, TELEX: 990135 
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ASK BYTE 


Circuit Cellar's Steve Ciarcia answers your questions on microcomputing 


Seeing-Eye Computers 
Dear Steve, 

Practical speech synthesis appears to 
be lagging behind image processing. À 
blind social worker here at Texas A&M 
University would benefit greatly from a 
talking computer. We can easily access 
the hospital mainframe, but we've had 
difficulty locating a good speech-synthe- 
sis system. Those that have been cailed to 
our attention seem outdated. 

Do you know of any hardware or soft- 
ware that will enable a sightless person to 
effectively use a computer? Just making it 
talk is not enough. The system must be 
able to use word-processing and data- 
management software—preferably under 
MS-DOS—and possibly interface with a 
high-level language. We might start with 
a desktop model, but a laptop is our ulti- 
mate goal. 

David Lemper 
Temple, TX 


| think the current state-of-the-art 
speech-synthesis hardware is quite capa- 
ble of generating understandable speech. 
The real problem you are referring to is 
the ability to use this hardware technol- 
ogy in an integrated fashion to remove the 
barriers a sightless person has in using a 
compuler. Perhaps the real need is for 
software, such as a word processor, to 
function with a speech module as an out- 
put device to replace the visual informa- 
tion normally received from the screen. 

There is far more involved here than 
merely echoing the screen information. 
In fact, the words on the screen represent 
only part of the information, since posi- 
tioning and other visual clues are just as 
important, 

While I have seen some limited deman- 
stration software, І have not seen a truly 
general-purpose solution to your prob- 
lem. I think this type of question deserves 
a broader research effort than 1 can give 
you. But let me make some specific sug- 
gestions арош where you can look. 

Two computer retrieval databases 
cover your area of interest: ABLEDATA 
and REHABDATA. Both are supplied by 
the National Rehabilitation Information 
Center, located at the Catholic Univer- 
sity of America in Washington, DC. You 
can access these databases through com- 
mercial on-line research services, such 
as Dialog Information Services (3460 
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Hillview Ave., Palo Alto, CA 94304, 
(800) 334-2564; in California, (415) 
858-2700) or BRS (1700 Route 7, 
Latham, NY 12110, (518) 783-1161). 
You may want to contact a research li- 
brarian а! Texas A&M for more informa- 
tion. —Steve 


Hand-Holding for a Hand-Held 
Dear Steve, 

І have a Texas Instruments CC-40 
hand-held computer. Unfortunately, 
there аге no service manuals available for 
it—at least not here in Austria. According 
to the user's manual, I could program the 
computer in assembly language, but I 
don't have any information about how to 
do this. Do you know the address of a TI 
retailer or computer club that I could 
write to? I've already written to TI's cus- 
tomer service department, but I've re- 
ceived no reply. 

Walter Schrabmair Jr. 
Salzburg, Austria 


For the most part, TI has been out of 
the retail computer business for some 
time. However, users groups still flour- 
ish here in the U.S. to support TI 
machines. 

TI PPC Notes (Р.О. Box 1421, Largo, 
FL 34294-1421) supports programmable 
calculators made by TI. The Houston TI 
Users Group (c/o Kim Peterson, 3107 
Bafing, Houston, TX 77099-2244) pri- 
marily supports the TI99-4A computer. I 
think you might be able to get some useful 
information for your machine from these 
sources. —Steve 


Bit by Bit 
Dear Steve, 

I have tried for a long time to buy a 
computer, but I can't come up with the 
big chunk of cash necessary. 1 have there- 
fore decided to buy it piecemeal, compo- 
nent by component. ] would like to end up 
with something more than an IBM PC 
XT, or at least something that [ could 
simply upgrade by just a motherboard re- 
placement. This precipitates several 
questions. 

First, do XT and AT cases accept dif- 
ferent motherboards? If so, do you know 
of an XT-compatible motherboard (pref- 
erably with an 8088-1) that fits in an AT 
case, has keyboard-selectable 10-MHz 
speed, and uses an AT power supply so 


that I can turn my system into a 286/386 

machine with a simple motherboard 

swap? Finally, what is the difference be- 

tween regular ATs and so-called mini- or 
baby-ATs? 

Jim Freeman 

Salt Lake City, UT 


For the most part, XT and AT cases ac- 
cept different-size motherboards. How- 
ever, some firms do sell AT mother- 
boards that fit into XT cases. I can't make 
any recommendation on particular 
boards because Гат nor familiar with 
them. However, if you search through 
Computer Shopper magazine, vou will 
find many clone vendors: 

Regarding your second question, Гат 
not aware of any XT motherboards that 
fit your exact description. But consider 
that ап XT clone motherboard might sell 
for $100 to $200 and an AT motherboard 
for $300 to $500. You might be better off 
го bite the bullet and get the AT right from 
the start. 

А regular AT has a larger motherboard 
and case compared to a mini- or baby- 
AT, The intent is to have a smaller foot- 
print on your desk. Functionally, they are 
the same, though the mini-AT тау have 
fewer expansion 51015. —Steve 


It's All in the Handshaking 
Dear Steve, 

I need to know how to test my printer's 
status— whether it is on-line, off-line, 
turned off, or otherwise unavailable— 

continued 


IN ASK BYTE, Steve Ciarcia, a computer con- 
sultant апа electronics engineer, answers 
questions on any area of microcomputing and 
his Circuit Cellar projects. The most repre- 
sentative questions will be answered and рив- 
lished. Send your inquiry to 

Ask BYTE 

c/o Steve Ciarcia 

Р.О. Box 582 

Glastonbury, CT 06033 

Due to the high volume af inquiries, we 
cannot guarantee a personal reply. All leners 
and photographs become the property of 
Steve Ciarcia and cannot be returned. 

The Ask BYTE staff includes manager 
Hary Weiner and researchers Eric Albert, 
Tom Canrrell, Bill Curlew, Ken Davidson, 
Jeannette Dojan, Jon Elson, Frank Kuech- 
mann, Tim McDonough, Edward Nisley, Dick 
Sawyer, Robert Stek, and Mark Voorhees. 
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WE'RE PRINTER EXPERTS! 
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ASK BYTE 


Listing 1: Skeleton of Turbo Pascal code needed to query printer status. 


| Program... 

| type 

Register Type = record 
case integer of 


l: (AX,BX,CX,DX,BP,DI,SI,DS,ES,Flags : 


integer); 
2: (AL, AR, BL, BH, CL, CH, DL, DH : byte); 
end; 
var 
Registers : Register Type; 
Status : integer; 
with Registers do begin 
AH:=$2; 
DX:e$lptn; { 8 for LPT1, 1 for LPT2, 


etc. } 


Intr($17,Registers); ( Call the BIOS ) 


Status: «AH; 
end; 


( Get result byte) 


Table 1: Bit settings and their 
significance for the Status 
variable returned in listing 1. 


Bit Indication 


Not busy 

Ack has been received from 
printer to acknowledge last 
charactar sant 

Paper ош 

Printer selected, on-line 

МО error 

Not used 

Not used 

Time-out error 


from within a program. It's irritating to 
have the system hang up while attempting 
to send a command to the printer when it 
turns out the printer was off-line. 

I am using Turbo Pascal 3.01. My 
printer is а Star SG-10, set up as LPT1:, 
and my computer system is an XT clone 
with 640K bytes of memory and two 
floppy disk drives. 

Bruce Bauder 
Tillamook, OR 


You need to call a BIOS routine to re- 
turn the printer status. In Turbo Pascal, 
the code would look like that in listing 1. 
The variable Status will have certain 
bits set, based on the printer's condition 
(see table 1). By decoding these bit com- 
binations, you can alert the operator to 
the printer's condition. Also, although 
this is undocumented, bit I seems to 
indicate a nonexistent device. —Steve 


Not a Good Day for Printers 
Dear Steve, 

Recently, I tried to use my IBM PC 
compatible with my Smith Corona TP2 


daisy-wheel printer. After printing a cer- 
tain number of characters (about 260 to 
320), the printer loses two characters, al- 
ways in the same place. If I use the MS- 
DOS PRINT SCREEN command, the 
printer loses one character. 

If I execute mode 1pt1:,,p, the prob- 
lem goes away. Ав explained in the DOS 
manual, the p option causes the operating 
system to continually try sending output 
if the printer 15 not ready. I thought the 
parallel interface protocol required an ac- 
knowledge from the printer before the 
computer would send another byte. 

The problem occurs when I'm running 
the computer at 8 MHz or 4.77 MHz. 
The printer has a 256-byte buffer. What 
is it about the Centronics interface that I 
don't understand? 

Robert Ziller 
New Richmond, WI 


Troubleshooting a problem from a dis- 
tance is sometimes difficult. Your IBM 
compatible/Smith Corona TP2 problem 
could be due to several possible causes. 

The lost characters (every 260 to 320), 
coupled with the fact that the TP2 has 
256 bytes in its buffer, indicare a buffer 
overflow condition (the difference in the 
error position may be due то varying line 
lengths and return time). Thus, the pri- 
mary failure is probably in the handshak- 
ing between the computer and the 
printer. 

The Centronics format actually sup- 
plies three possible controls to the 
printer: 


е АСК (pin 10): A low on the ріп indi- 
cátes that the printer has finished pro- 
cessing the current character. 
е BUSY (pin 11): A high on this pin indi- 
cates a buffer-full condition. 

continued 


Aztec C 


Power to go the distance... 
Whatever that distance might be 


=" 


Ж 


From real time embedded 
applications to comprehensive 
commercial applications on 
Macintosh, IBM PC, Amiga, 
Atari, and others, Aztec C has 
earned a well-deserved reputa- 
tion as an innovative, tough to 
beat, rock-solid C development 
system. 


But don't just take our word for 
it—try it yourself. We know that 
the best way to understand what 
puts you ahead with Aztec C is 
to use it. Thats why Aztec C 


MS 


systems purchased directly from 
Manx come with a 30-day, no 
questions asked, satisfaction 
guarantee. Call for yours today. 


We can also send you informa- 
{юп that details the special fea- 
tures and options of Aztec C. 
Plus information on support soft- 
ware, extended technical sup- 
port options, and all of the 
services and specialized sup- 
port that you may need when 
you're pushing your software to 
the limits and... beyond. 


-DOS Hosted ROM Development Systems 


Host + Target: $750 Additional Targets: $500 


Targets: 

е 6502 family 

e 8080-8085-280-2180-64180 

e 8088-8086-80186-80286/8087-80287 
e 68000-68010-68020/68881 


Components: 

è С сотрііег for host and target 
e Assembler for host and target 
e linker and librarian 

e Unix utilities make, diff, grep 
e Unix vi editor 

e debugger 

e download support 


Features: 

e Complete development system 

e Fast development times 

e Prototype and debug non-specific 
code under MS-DOS 

e Compilers produce modifiable 
assembler output, support inline 
assembly, and will link with assembly 
modules 

e Support for INTEL hex, S record, and 
other formats 

e source for UNIX run time library 

е processor dependent features 

e source for startup 


Qu oi 


Aztec C Micro Systems 


Aztec C is available for most micro- 
computers in three configurations: 
| The Professional; The Developer: and 
The Commercial system. Ail systems 
| are upgradable 


Aztec COBIV/Am .... Amiga 
source debugger—optional 


Aztec C88k/Mac ... Macintosh 
| MPW and MAC II support 


| Aztec СӨ6......... MS-DOS 
source debugger • CP/M libraries 


| The followng have special pricing and 
configurations Call for details 


Aztec C68WAt..... Atari ST 

| Aztec C80 ......... CP/M-80 
Aztec C65 ......... Apple 1 & 1 GS 

| Standard Syatem ........... seer 8199 
e C compiler 


e Macro Assemblar 

e overlay linker with librarian 
e debugger 

ө UNIX and other libraries 

| @ utilities 

0% System 
e all Standard System leatures 
е UNIX utilities make, diff. grep 
e UNIX vi editor 


| Commercial System 


e all Developer features 
| @ source for run time libraries 
| е one year ol updates 


“ваза езе ев 
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Aztec C is available on a Ihirly-day money back guarantee Сай 
now and lind out why over 50.000 users give Aztec C one of the 
highest user-salisfaction ratings in the industry. 

f № Я 
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In NJ or LA... the USA. 
call 201-542-2121 
Telex: 4995812 Fax 201-542-8386 
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C.OD.. VISA, MasterCard. American Ex- 
press, wira (domestic and international), and 
terms are available. One and two day deliv- 
ery available for а! domestic and most 
international destinations. 
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Manx Software Systems 
One Industrial Way 
Eatontown, NJ 07724 


gc ow 
Aunretti Mj 
Al UNTER ! 


A screen star is born. 


Introducing Ultrasync. The high-resolution, autosynchronous 
color monitor that's PC and PS/2 series compatible. 


Ultrasync, with its exceptionally fine (.28mm) dot pitch, 
creates a picture of incomparable clarity. Capable of displaying infinite 
shades of brilliant color with striking contrast and dimension. 


But the real beauty of Ultrasync is its versatility. It has the greatest 
autosynchronizing frequency range combination available with 45Hz 
to 120Hz vertical scan range (NEC's Multisync starts at 50Hz and 
peaks out at 75Hz) and 15KHz to 35KHz horizontal scan. 


Plug Ultrasync into any IBM PC/PS series, Apple Mac II, or 
practically any computer system and it will adjust automatically to the 
standard you are using. There's no fiddling with switches or knobs. 
Our automatic picture sizing feature prevents display distortion and shrinkage. 
À simple built-in text switch is provided for your convenience. What's 
more, you 1 enjoy the ease and comfort of Ultrasyncs ergonomically 
advanced design. 


Nobody but Princeton Graphic Systems could bring you an 
image with such star quality at a suggested retail price that's remarkably 
affordable. $795. After all, we've been doing it all along. 


эч 
PRINCETON 


GRAPHIC SYSTEMS 
THE VISIBLE EDGE 


801 Ewing Straat, Building A, Princeton, New Jersey 08540 (609) 683-1660 
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[ntegrand's new Chassis/System not another 
[BM mechanical and electrical clone. Ап 
entirely fresh packaging desgn approach has 
been шеп using modular construction. Аі 
present, over 40 optional stock modules allow 
you to customize our standard chassis to nearly 
| any requuement integrand offers high quality, 
№ | advanced design hardware along with 
| applications and technical support aif af prices 
competitive with imports. Why settle for less? 


Rack & Desk 
PC/AT Chassis 


Rack & Desk Models 


Accepts PC, XT, AT Motherboards and 
Passive Back 


Doesnt Look Like IBM 


Rugged, Modular Construction 
Excellent Air Flow & Cooling 
Optional Card Cage Fan 
Designed to meet FCC 

204 Watt Supply, UL Recognized 
HSW & 85W also available 
Reasonably Priced 


Call or write for descriptive brochure and prices 
8620 Roosevelt Ave, + Visalia, CA 93291 
209/651-1203 
TELEX 510601283) (INTEGRAND UD) 
EZLINK 62926572 
We accept ВапкАтепсалі/ VISA and MaserCard 


ТЕМ, РС. XT, AT ілкістындіз of іметмілені Bauancm Macuo 
Dera and computes boards tot aciuded. 
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e FAULT (pin 32): A low on this pin indi- 
cates that some problem exists (some- 
times this pin goes low when the buffer is 
full; it depends on printer design). Note: 
This ріп % data is valid only for some cus- 
tom-made cables; the standard ІВМ Cen- 
tronics-to-DB-25 cable leaves this pin 
open. 


Your printer manual will show the 
DIP-switch configuration changes neces- 
sary to implement handshaking. First, 
check the configuration of the printer, 
then verify the cable connections (pins 10 
and 11 correspond to the connections on 
each end of the standard IBM cable. If 
the pin 32 connection is implemented, it 
should be DB-25 pin 11). 

You can’t rule out a failure of either the 
port or the printer hardware. Ask a 
friend (or your friendly local computer 
store) to test the printer on another ma- 
chine (try to use WordStar with a docu- 
ment that you know fails). This will ler 
you determine which is at fault—ihe 
printer or the computer. —Steve 


Cheap 200-watt UPS Wanted 
Dear Steve, 

How about coming up with a 200-watt 
uninterruptible power supply (UPS) for 
us IBM XT/AT users? It should use gel- 
cell batteries of the type widely available 
in the surplus market and should cost less 
than $100. 

William Schreiber 
Kailua-Kona, HI 


The world seems to be afflicted with 
power problems, if my mail is an accu- 
rate reflection. There is considerable in- 
terest in such devices as constant voltage 
transformers and uninterruptible power 
supplies. 

Small uninterruptible supplies with 60- 
Hz sine-wave output are relatively easy to 
design and build (see the January issue of 
Radio-Electronics for a 40-watt UPS 
construction project). As the supplies get 
larger, the linear amplifiers needed 10 
support the output grow larger and more 
complex, and they generate more heat. 
These factors increase the expense to an 
extent that is most efficiently countered 
by the economies of high-volume produc- 
tion. Thus, I'm afraid your desire for a 
200-watt UPS for less than $100 is a bit 
unrealistic. 

The economies of volume production 
have made such supplies available at 
prices much lower than in the past. SM 
Indusiries (535 West Wise Rd., Schaum- 
berg, IL 60193, (312) 894-5331) is cur- 
rently advertising а 200-мап unit for 
$179, for example. The advertisements 
in publications such as Computer Shop- 
per magazine show comparable prices 


for similar units from various other 
sources. These units make тоге sense 
than something 1 could design and fea- 
ture as a Circuit Cellar project. —Steve 


Dialing for Digits 
Dear Steve, 

I plan to build and use your ImageWise 
video digitizer (May 1987 Circuit Cellar) 
to transfer pictures over the telephone 
with modems, and I have a few questions 
in this regard. What is the most economi- 
cal modem I can use? How long will it 
take to transmit a picture (at various data 
transfer rates)? Finally, can you give me 
some idea of the transmission time you 
save by compressing the image? 

R. Blau 
Brooklyn, NY 


You'll find that 2400-bit-per-second 
modems are getting cheaper all the time. 
Many are now priced at under $200. 

At 1200 bps, an uncompressed picture 
requires about 8.6 minutes of transmis- 
sion time; at 2400 bps, it's 4.3 minutes; 
and at 9600 bps, it's about 1 minute. But 
300 bps is out of the question—ihe trans- 
mission time is about 40 minutes, The 
2400-bps modems with MNP (Microcom 
Network Protocol) error correction have 
an additional advantage; they prevent 
nearly all errors from phone-line noise 
from garbling the picture. 

Data compression reduces the size of 
the image 2 to 4 times, so а 1200-bps 
transmission would take 2 to 4 minutes. 
Ihe compression factor depends on the 
complexity and detail of the image, as 
well as the amount of noise in the video 
camera. A well-lit scene produces less 
noise in the camera, so ultimately it re- 
duces transmission time. —Steve 


Meteorology on the Micro 
Dear Steve, 

I have a couple of unrelated problems 
that I hope you can help me with. 

I have an Amiga 1000 (512K bytes of 
RAM) with one external 3!^-inch floppy 
disk drive and one external 54-inch flop- 
py disk drive. I am using one of the old 
Epson MX-80 printers (circa 1982 to 
1983) with Graftrax installed. I have 
Amiga BASIC, True BASIC, Lattice C, 
and Amiga Pascal as programming 
languages. 

1 am a weather forecaster with the U.S. 
Air Force stationed in Myrtle Beach, 
South Carolina. Myrtle Beach is a typical 
tourist town with more fast food, beach- 
wear stores, and golf courses than you 
can shake a stick at. Unfortunately, the 
amount of research material available is 
severely limited. 

| am interested in receiving the Navy 

continued 
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' The Compatibility 
IS Guaranteed...” 


“The Stanford is a solid performer . . . 
offers top speed and support for a 


very good value. ™ 


SYSTEMS 
Basic System Features 
HD/FD Controller © 1.2 MB floppy drive © Serial 
part (Com 1) and parallel port 9 Optional 2nd serial 
port (Cam 2) & optional game port е 200 Watt P/S 
e High quality metal case @ Hardware reset switch 
and turbo L.E.D. € Optional digital L.E.D. ө 
Clock/calendar w/battery back-up © Complete 
decumentation @ Enhanced keyboard (101 keys) 
ФНелуу duty packaging. 
Stanford 386-18 
9/18 MHz 21 MHz Throughput 
іме! 32 Bit 80386 CPU (18 MHz) 9/18 MHz 
software (keyboard) switchable clock e 
Norton SI (Ver 3.0): 23 (processor speed) 
SCMOS memory, 16 channel Interrupt, 7 DMA 
channels ө 512K interleaved 32 bit RAM on 
board ә RAM сап be expanded to 16 MB of 
32 bit high speed interleaved memory ® 2-32 
Ы), 4-16 bit and 2-8 Ы) expansion slots ө 
Stipports 80387 Math co-processor € Award 
BIOS e (Phoenix BIOS optional) € Plus basic 


system features. $21 49 
Stanford 386—16 

Same configuration as in system 386-18 except: 
socket for 80287 math co-pronessor ® Plus basic 


system features. $ 1 999 


Stanford 286—16 


8/ITMHHz — 16 MHz 
Intel 80286-12 cpu, 8/ 12 MHz software 
(keyboard) switchable clock ө Award BIOS, 


Norton SI (Ver 3.0): 15.8 e DRAM con Бе 
expanded to 1 MB on M/B ө Selectable be- 
tween 0 wait stole or one wait stete е Вехрап- 
sion slots (5—16 bits, 3-8 bils) € Socket for 
80287 math co-processor ® Plus basic system 


features. $1119* 
Stanford 286-12 

6/8/10/T2 MHz 1 Wait State 

Some configuration as in 286/16 except: Intel 
80286-10 CPU, 6/ = 10/12 MHz software 
(keyboard) . Swi | ә Plus bosic sys- 


tem features, $989* 


"System pricedoes hotinclude memory (DRAMS), 


WORLD 


NETWORKING 

Stanford Intelligent Net-II Card 

Ether Net/Cheoper Net specification e 
80186 processor & 82586 LAN co-proces- 
sor ө Dolo transfer rote: 10 MB/S. Net- 
work software compatibility: PC-NET, MS- 
NET, Novell. $499 


Xenix Multi-Terminal Card 


Microprocessor-based intelligenHapminal 
controller. 2-808 CPU e 16 КВ dual port 
RAM, 8 KB local RAM ө 6 asynch, serial 
5599 


chonnals. 


RED" Stantord ^ | y 


P» 386-18 Sy stem, | 


9:18 MHz 
1 MHz "посади 


Specíal Offer w/System Purchase! 


Dr. Halo iii.. . $49.99 (retail valoa $139.95) 
or Deskiop * Graphics... $59.99 
ей volve $195 00) 


Виного Бүзіншер тый ru 20/2, М5 DOS, Xena, Una. Міуодой Excel, v Ча e 
ELE Bs 


SYSTEM OPTIONS ` 
e Seagate/Miniscribe/Micropolis HD Drives 
e Thomson/Samsung Monitors 
ө EGA/VGA/CGA Video Graphic Cards 
Ф EEMS Memory Expansion Cards 
ә 300/1200/2400 Baud Modems 
е Optical Mouse/No Slot Clock 
е Panasonic Printers 
® Panasonic Facsimile Cards 
International 
Dealer Inquiries Welcome 
Call usfor Volume/ Dealer/ 
Reseller Discounts 


Ask us forour Optional On-Site Service 
FREE Shipping and credit card uxape 


TO ORDER CALL: 
1-(800) 248-4786 


IN CALIFORNIA: (415) 651-3300 

Tech Support: (415) 651-3330 

FAX (Intematianal Sales): (415) 651-3388 
TELEX (Internatiorial Sales): 4943373 WASAE 
Hours: Mon-Fri 8:00 am — 5:30 pm Р.$.Т, 
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STANFORD 
SYSTEMS 


ты COMPUTER COMPANY 
1887 O'Toole Avenue, C 108, San Jose, CA 95131 


Of yous Seri. 
sites 5 Cani (4 irate бана Але wd (ныб eh o corem 
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PowerStation 


A Complete VT220 / VT241 Work Station 
Upgrade for the IBM PC/XT/AT and PS/2 


"Now true 800 
pixel wide VT241 
display and 
support for 

VMS Services 
for MS-DOS." 


EGAmate “ 


PewarStetlan™ 240 $435 $39 
VT24() style keyboard and ZSTEM VT240 Emulabon Software Daughterboard option for 132 columas and true 800 
Opuonal WPS labelled keys (GOLD KEY MODEL) add $30. pixel wale ReGiS display on standard ЕСА adapters 


ZSTEM oe" - ҰТ240 Етін — Emulabon Software only 32955 Р522672 
VT240/241 Emutabon Software with ali ha features of ZSTEM VT220 pus — Keyboard adaples cabe tor РЅ200 on PS/2 systems 


ZSTEM 4714, sixel and Веб graphics. 


$19 
ZSTEMpc 7-4014 Emulpior 


scing 50 
mapped сому XMODEM and KERMIT, soltkey/MAC- 
ADS. DOS access 


KEA Systems Ltd. 


#412 - 2150 West Broadway, Vancouver, В.С. Canada V6K 4L8 
Telephone (604) 732-7411 Telex 04-352848 МСН Fax (604) 732-0715 
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weather facsimile maps at home and dis- 
playing thern on my Amiga. I ordered the 
transmission schedule from Alden Elec- 
tronics (it's free, and the people there 
were very friendly), so I know the fre- 
quency and schedule, but I don't know 
the format. What I need is a guide to help 
me decode the signals and build the re- 
quired hardware. The programming end 
would be no probiem if I could only find 
the information. (If any of your readers 
want to contact Alden, the address is 
Alden Electronics, 40 Washington St., 
Westborough, MA 01581.) 

The second problem concerns hard- 
ware. [ need to know if there 15 any way to 
construct a device (without any exotic 
parts) that wil] "clamp" to а phone line 
and let me pick up a 1200-bps signal 
without any physical connection to the 
wires. In other words, I don't want to 
have to cut the phone line, 

Michael Street 
Myrtle Beach, SC 


Weather facsimile maps on the high- 
frequency band are fairly easy to receive 
with any HF shortwave radio, as you may 
have noticed from the information sup- 
plied to you by Alden Electronics. You 
can accomplish conversion of the signal 
to a printable format in many ways. 

The signal itself is an AM-modulated 
carrier, centered at 2400 Hz, with the 
picture information moving at about. 4 
lines per minute. Several articles have 
appeared in amateur radio magazines on 
assembly of WEFAX (weather facsimile) 
converters to use with a computer; you 
might check your local library for back 
issues of QST and 73 magazines. Also, 
check out Keith H. Sueker's article, 
"Apple Fax: Weather Maps on a Video 
Screen” in ihe June 1984 BYTE. 

I have found that The Weather Satellite 
Handbook (third edition) by Dr. Ralph 
Taggart is a good overall source of infor- 
mation on this subject. While the book is 
aimed at satellite WEFAX reception, you 
can apply many of the techniques and cir- 
cuits to HF reception. Copies are ауай- 
able for $12 plus 50 cents for shipping 
and handling from Dr. Ralph Taggart, 
602 South Jefferson, Mason, MI 48854. 

If you would prefer io use a precon- 
structed unit, Advanced Electronic Ap- 
plications (P.O. Box 2160, Lynnwood, 
WA 98036) sells a multimode data con- 
trolier (model PK-232) that will decode 
WEFAX HF transmissions and pass them 
to your printer or computer. Price varies 
with the dealer; you might consult a re- 
cent copy of QST or 73 or a local ama- 
ieur radio operator for the location of a 
dealer in your area. 

With regard to your desire to induc- 
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Series 3 

Series 3 runs under CP/M BO, 
CP/M 86 and MSDOS. This Series 
has Full Listing Control, Condi- 
tional Assembly & Built in Cross 
Reference. There is Unlimited 
Program Size, Number of Sym- 
bols and Macros. The Linkers 
output: Inte! Hex, Extended Intel 
Hex, Tektronix Hex, and Motorola 
519, 528 and $37 formats. 


Series 4 

Series 4 requires at least 640k of 
memory. These products have al! 
{пе leatures of Series 3 plus: 32 
Character Labels, User Defined 
Sections, Local Labeis and a 
Librarian. The Linker outputs 
Intel Hex, Extended Intel Hex, 
Tektronix Hex, and Motorola S19, 
528 and S37 formats as well as 
Global, Abbreviated Global, 
Microtek and Zax Symbol Table 
Formats. Listings can be гею- 
cated to reflect! run-time addresses. 


Simulator-Debuggers 
The Simulator has 16 Breakpoints 
with optional Counter Field. The 
Symbol Table is limited only by 
the amount of memory. Buffers of 
256 bytes may be opened for I/O 
ports. The Simulator-Debuggers 
run with 512k of memory. 


C Compilers 

The C Compilers support in-line 
assembly language and ROMabie 
code, and includes the following: 
Macro Processor, full Floating 
Point support, complete Assem- 
bier, Linker, Librarian and 
Libraries. Library Source Code 
Purchases require a signed 
license agreement. 


Software 
Product 


68000,8.10 
68020 
8400/c00 
8044/51/52 


More formats nvailable 


aped TEN eim oid 
СТЕ — EC OA Compilers 


VMS VMS VMS 
CP/M BO ULTRIX ULTRIX ULTRIX 
CP/M86|MSDOS| SUN |MSDOS| SUN |MSDOS| SUN 


499.50 | 500 00 | 
499.50 | 500.00 | 


499.50 | 500.00 |2 


499.50 | 500.00 


499.50 | 500.00 


Name Produc} Operating System 
(Please Print) 
Company Series Amount $ 
Address Shipping $ Talal $ 
City State Zip Signature 
Check Г] COO (4.5. Only) [) 
Phone 
Educational discount available МСЛЛЗА Ж 

To order, call toll free in U.S. (including HI, PR and VI): Expiration Date 

Ph VES к OAS Od AA 

Ы | b M B | | i жа Ы ju С à 44 - S y f 
iiag қ Абазы P TA Ж M "amm alm СЕТУ ANAND 
їп Colorado: (719} 395-8683 rf TALS VAR ке 
TELEX: 752659/AD g Nu 


109 Brookdale Avenue 
РО. Box 480 
Buena Vista, Colorado 81211 
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For more details, ask for a free brochure. 
(Shipping is $31.00 per unit lar overseas orders. Tall Free number does 
not apply to overseas. 2500AD pays COD charges.) 
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Now there's a smart way to 


connect more than one 


Forget those dumb A/B boxes and 
those expensive switching devices. 

Now you can connect up to six 
parallel printers to your computer 
and let your Кората do the switch- 


only $119. 
SmartPrint automatically sends 


- your output to the correct printer. 


1-800-368-7737 ` 


You just add a simple code to 
your program or printer setup string. 
Or, select a printer from a pop-up 
window utility that's included. 
SrnartPrint recognizes the code 
and makes the switch. 
So, call now and use your Visa, 
MasterCard or AmerEx. 
It's smart! 


(Anywhere in the Uníted States or Canada) 


465 


de Dressethaus 
COMPUTER PRODUC 


1 


The Intelligent Printer Switch 


» 


y 8560 Vineyard Avenue, Suite 405, Rancho Cucamonga, CA 91730 


A software-controlled printer switch for IBM PCs and compatibles 


OUR PLUG-IN CARDS 
GIVE YOU PLUG- 


CONTROL. 


Your IBM PC/XT/AT or 
compatible can control апу 8 
IEEE-488 instrument. | 


You сап: 

[] Plug-in to BASIC, C, 
FORTRAN, or Pascal. 

Г] Use HP-IB plotters, 
printers, and instruments. 


O Spend less time programming. 


П Call (617) 273-1818 and put us to the test. 
Complete hardware and software solutions for just $395. 


ital Equi 
Burlington, MA. 01803 
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tively couple to a phone line to enable use 
of a modem, various methods have at- 
tempted to accomplish this feat, with min- 
imal success. The connection is simply 
not reliable enough to warrant the spe- 
cialized circuitry required. 

Finally, my new publication, Circuit 
Cellar Ink, is running a series of articles 
on just this subject. Volume I, issue 3 has 
an article that deals exclusively with 
weather facsimile services and tech- 
niques for displaying these weather 
photos on a personal computer. —Steve 


Hot-Rodding the Apple 
Dear Steve, 

In the August 1987 Ask BYTE, Ber- 
nard Paul Sypniewski asked if it was pos- 
sible to switch the 65802 and 6502 pro- 
cessors to get more power from his 
Franklin ACE computers. You answered 
that he would have timing difficulties and 
would not notice any difference unless he 
did his own programming. 

JDR Microdevices advertises a 3-MHz 
version of the 6502 called the 6502B. 
Can I replace my 6502 (or 65C02) with a 
6502B and make my Apple run 3 times 
faster? 

Michael de ta Maza 
Irvine, CA 


While a 6502B microprocessor will 
run at 3 MHz, you have to feed it a 3-MHz 
clock signal to make it do so. The Apple 
computer provides a nominal 1.023-MHz 
clock speed that you cannot change 
without messing up ihe video timing. 
Thus, while you could plug a faster 6502 
into your motherboard 's microprocessor 
socket, it would execute programs no 
faster than what you have now. 

The most practical way to speed up 
your Apple computer is to add an accel- 
erator board containing a faster proces- 
sor and separate RAM; this would avoid 
the video timing problems that you would 
encounter if you changed the main Apple 
board. Several good speed-up cards use 
processors ranging from fast 6502s to 
68000s. One of the more popular cards is 
the Transwarp from Applied Engineering 
(P.O. Box 798, Carroliton, TX 75006), 
which contains а 3.6-MHz 65С02 апа 
Jast RAM, with an optional 65816 pro- 
cessor upgrade. 

As with any hardware changes, soft- 
ware compatibility problems are a dis- 
tinct possibility, and you should run tests 
to be absolutely certain that the software 
you want to use is compatible (prior to 
purchasing ihe upgrade, of course). 

The November 1987 issue of The 
APPLE Review contains a report on 
Transwarp, including a discussion of 
known software compatibilities and in- 
compaiibiliries. —Steve m 


Dot, Daisy and Laser 


The new family of Olympia printers with 
a prestigious technological heritage. 


Olympia is first in making lasting 
impressions for a good reason. 
For over ВО years we've been a 
leading innovator in typing tech- 
nology for the office. Now every- 
thing has changed. And nothing 
has changed. Our technology 

IS as new as the dew. Our com- 
mitment to reliability efficiency 


and service is as solid as ever. 

The Olympia dot matrix printers 
produce clean, crisp printing at 
speeds from 130 CPS to 240 CPS 
for a wide range of applications. 
And our daisy wheels are unsur- 
passed in printing quality. 

Our new Laserstar 6 is com- 
pact, versatile, compatible and 


offers the latest in desktop print- 
ing technology 

In short, whatever you need 
we've got. So don't go shopping 
without the big new name in 
printers on your list. 

Olympia. We'll make a good 
impression on you. 

Then for you. 


OLYMPIA@ 
The Competition .. 


Advanced Engineering from Germany a 


«инин «нын eee eee M eee eee ee LL es eee ee eee ee (ығы) қіны» (ығын eee 


| Get acquainted with our family. And a gift for you: 
The fabulous Fisher Space Pen! 


See all the Olympia models in our brochure “Printers — printers on earth. Call 1-800-999-6872 or send | 
That Make Quality Impressions." Along with our bro- this coupon to: (USA) Olympia, P.O. Box 22, Dept. Adv. ў 
chure we'll tell you how to get a Fisher Space Pen— Somerville, N.J. 08876 (or Canada) Olympia, 58 Prince Ў 
free! The pan that went to Һа moon—from the finest Andrew Place, Don Milfs, Ontario, Canada M3C 3A2. 
Mr Mrs. Ms. (PieasePnnt) ! 
à | 


Name First Last Title Phone 

X 
Company Address ` 
City State Zip | 


Printer make Siu Беп now | ofan to make a printer purchase in month/year 


| 
! 
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| 
| 
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| 
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| 
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“When you bave a department of one-man bands 
ай you produce ts a chorus of chaos.” 


If you manage an organization with more PCs and 


peripherals than you care to count, maybe you should 


consider tying them together — with a STARLAN 
Network from AT&T. 
Supporting a wide range of DOS and UNIX" 


servers for workgroups of all sizes, a single STARLAN 
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Network can link from 2 to over 100 DOS PCs, so inde- 
pendent-minded standalones can effectively function as 
one. Which means users can share printers, retrieve and 
edit common documents, update centralized databases 
and send or receive messages electronically. 


AT&Ts modular architecture and twisted-pair 


wiring make it easy for you to add voice and data 
stations the same way vou add staff: as needed. 

Апа by connecting your STARLAN Network to 
AT&T's Information Systems Network, virtually all the 
information-processing equipment in your company 


can become a fully integrated, cost-efficient system. 


ІЧНЯ ADI 


To find out more, call 1 800 247-1212. 
From equipment to nerworking, from computers 


to communications, AT&T is the right choice. 


== ATST 
= The right choice. 
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Alreadv the tastest and most 
powertul graphics toolkit on the 
market, the new HALO® delivers 
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DEBUGGING C 
Robert Ward 


THE PROGRAMMER'S 
GUIDE TO WINDOWS 
David Durant, Geta 
Carlson, and Paul Yao 


FAST ACCESS| 
WORDPERFECT 
Rhyder McClure 


DEBUGGING C 

Reviewed by Rudy Bazelmans 
Que Corp., Indianapolis, IN: 
1987, ISBN 0-88022-261-1, 
400 pages, $19.95 


n Debugging C, author 

Robert Ward says, “То 
write programs that work, you 
must know how to debug. It's 
that simple. In fact, if you pro- 
duce working programs, you 
will spend at least half your 
time debugging." He goes on 
to say that "good debugging 
skills are requisite to success- 
ful programming." With re- 
gard to C programming, this 
statement seems especially 
гие. 

Debugging C discusses 
general techniques for debug- 
ging programming errors and, 
specifically, how to debug the 
most common C programming errors. The author accomplishes 
this with an easy-to-read writing style that includes numerous 
examples and just the right amount of metaphorical references. 

The information is easily accessible. Ward's examples of ac- 
tual executions and transcripts of debugging sessions use such 
tools as static analyzers, debuggers, and interpreters. He also 
uses charts, itemized lists, and clear diagrams. He clearly has a 
good understanding of C and the problems of programming. 

But Debugging С is not without its faults. In a book on debug- 
ging, it's a shame to find numerous examples of poor program- 
ming style, which leads to programming errors. For example, 
page 175 of the book contains four examples of poor program- 
ming style: the use of multiple statements on a single line, espe- 
cially if statements; poor indentation style used for control 
constructs; poor use of white space to separate lines of related 
function; and a scarcity of in-line comments. Ward should have 
read Thomas Plum's book C Programming Guidelines (Pren- 
tice-Hall, 1984), which spells out a more readable and less 
error-prone coding style. 

Ward begins Debugging C with a discussion of the founda- 
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tions used in the debugging 
process. He then describes 
program testing and how to 
recognize bugs. Three chap- 
ters concern language-inde- 
pendent techniques for locat- 
ing bugs, and they are fol- 
lowed by three chapters that 
discuss why debugging C is 
difficult and how to apply to C 
the general techniques de- 
scribed in the previous chap- 
ters. The final two chapters 
discuss several commercial 
debuggers and an interpreter 
and how to use them in de- 
bugging. 

Although this organization 
of the material makes sense. 
the links between chapters are 
weak. As I read the book, I 
had very little sense of its pro- 
gression. This flaw is particu- 
larly obvious because the 
book does not clearly follow 
the taxonomy of debugging 
described in the chapter on 
foundations. 

According to Ward, at vary- 
ing levels, Debugging C 15 for 
everyone, and I agree. Begin- 
ners will find the book useful, 
even though some of the ad- 
vanced sections are confus- 
ing. Experienced program- 
mers will also find a number 
of chapters worth reading. 
Readers will need a good un- 
derstanding of C to comprehend the entire book. I think non-C 
programmers will also find parts of this book interesting— par- 
ticularly the introductory chapters on foundations, testing, and 
general debugging techniques. 


А Four-Step Process 
Ward divides the task of debugging into four phases: testing, 
stabilization, localization, and correction. 

Testing, the process of discovering which bugs exist, should 
precede debugging (the actual process of removing the bugs). 
As such, I think Ward made a mistake in including a chapter on 
testing. He should have relegated the topic of testing to other 
texts, as he did with other topics, such as design techniques. His 
20-page discussion on testing is completely inadequate, espe- 
cially compared to a definitive discussion on testing such as 
Glenford Myers's The Art of Software Testing (John Wiley & 
Sons, 1979). Ward's discussion on testing would be more ap- 
propriate if he reduced the scope to testing as it specifically re- 
lates to debugging. 


continued 
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stabilization, the act of producing an easily reproducible test 
case to demonstrate a bug, is a prerequisite to finding a bug. 
Unfortunately, the discussion on the stabilization of bugs is lost 
in the chapter on testing techniques. 

Localization involves narrowing down the test cases suffi- 
ciently to find the problem, and Ward's separation of this topic 
from stabilization makes sense. 

The final phase of debugging is correction, during which the 
bug is fixed. Ward trivializes this phase by first saying that most 
bugs are easy to fix and then by devoting only two paragraphs to 
the topic. If correction is a phase of debugging, then Ward 
should have devoted at least a smal! chapter to it. I also consider 
it a mistake to ignore the retesting requirements during the cor- 
rection phase. I'm sure I'm not the only person to add опе ог 
more new bugs while attempting to remove an existing bug. 

Ward introduces another useful concept, that of proximity: 
Every effect (problem) in a program is proximate (near) the 
cause. The proximity can be based on the distance between the 
source code of two routines, the distance between the execution 
of two routines, or the distance between two references to a data 
item. These principles are well defined, and the concepts are 
used throughout the book. 


How to Spot a Bug 
Ward divides his discussion on bug searching into finding com- 
pilation errors and finding coding errors. 

For beginners, the chapter on finding compilation errors is 
particularly heipful. I haven't seen this material discussed 
anywhere else, and the chapter has some good advice. [n addi- 
tion to the compiler, Ward describes several other programs that 
can help programmers find compilation errors. These include a 
brace checker (used to find mismatched or incorrectly nested 
braces), a lint program (used to find examples of poor coding 
style or obscure bugs), and the compiler's preprocessor (used to 
find macro processing errors). 

Ward also describes techniques that you can apply with little 
or no tool support. Much of the discussion surrounds tracing 
program execution through the instrumentation of control struc- 
tures with print statements and the clever use of the C macro 
facility to control levels of trace output. Although tracing source 
code is a useful technique, Ward seems preoccupied with it. 


Advanced Techniques 

Debugging C does an excellent job of addressing the issues in- 
volved in C debugging. The process is difficult for a number of 
reasons: C is a weakly typed language that allows mismatched 
variables on expressions and mismatched function parameters; 
the use of pointer variables is error-prone; uninitialized vari- 
ables are not flagged by the compiler; subscripts on arrays are 
not checked at run time; and in unprotected environments, stray 
pointers can accidentally modify code. 

Ward discusses how to recognize and find each of these prob- 
lems. In a table on page 209, he has the start of a great debug- 
ging aid. The table lists the commonly observed program 
behaviors, their probable causes, and suggested debugging tech- 
niques for each one. Ward should have expanded this gem to 
include more entries. 

Particularly informative is the section on organizing the stack 
during the execution of C programs. The diagrams and related 
text are clear and well organized. 


Debugging Tools 

In the tools section, Ward discusses three popular debugging 
tools: sdb (the source-level debugger for System V Unix by 
AT&T), CodeView (the new multiwindow source-level debug- 
ger for MS-DOS from Microsoft), and C-terp (the interpreted C 
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environment for MS-DOS from Gimpel Software). 

Here, the book is weak. The coverage of sdb should have 
been an overview of the capabilities; instead, it is a poor tutorial 
with a description of each debugger command, which seems un- 
necessary in a general book on debugging C. The author would 
do better to talk about features and leave the description of the 
command set to a more complete tutorial. 

Compared to the 40 pages that Ward devotes to sdb, the 8- 
page discussion on the more interesting debugger, CodeView, 
seems to be an afterthought. Nor are the discussions of adb and 
CodeView structured alike. 

I found the discussion of C-terp more interesting than those of 
sdb or CodeView. Ward discusses the differences between in- 
terpreters and compilers, along with the debugging functions of 
C-terp and some of the commands. The relevance of the com- 
mands and functions to finding particular bugs is clear and sup- 
ported by short examples. 


Source Code and Other Resources 

Debugging C contains an annotated resource list of texts on C 
and software development. Although the books and articles ref- 
erenced are popular, the list is inappropriate for a book on de- 
bugging. The only ones that seem somewhat appropriate are the 
sections related to C. 

Ward also provides the source code for a full-featured debug- 
ging system. The debugger is a small command interpreter thal 
is linked with your program. The commands control the watch 
and stop points that you code into your program. Ward also in- 
cludes the source code to a poor man's Ctrace, a text filter that 
you can insert into your program calls to a debugging system 
like the one supplied. It is amusing to note that the coding style 
requirements on the programs input to Ctrace will not accept the 
author's programs because the break and returm statements 
are concatenated on the ends of other statements. This is con- 
trary to the statement in the text that says that the programs com- 
ply with Ctrace's input requirements. 

The book contains 30 pages of source code listings in the ap- 
pendixes and a reference to a public domain brace checker. The 
publisher should have considered offering readers a copy of the 
source code on disk. 

Since I am interested in doing further reading on debugging. ! 
checked out the bibliography. To my disappointment, there 
wasn't a single reference to an article or book on debugging. 


А Good Buy 

Although Debugging C has flaws, it contains many useful in- 
sights for C programmers. Many of the topics it covers—the dis- 
cussion on finding C bugs, the discussion on proximity of 
errors, the explanation of tracing techniques, and the explana- 
tion of the organization of the stack during run time—are diffi- 
cult to find elsewhere. In sum, the book is worth its cost. 


Rudy Bazelmans, a software engineer for Wang Laboratories, 
lives in Nashua, New Hampshire. 


THE PROGRAMMER'S GUIDE TO WINDOWS 
Reviewed by David Hart 


Sybex, San Francisco, CA: 1987, ISBN 0-89588- 362-7, 
645 pages, $21.95 


f you are a programmer working with Microsoft Windows, or 
you'd like to be working with it, The Programmer 's Guide to 
Windows is for you. An introduction to and explanation of the 
complex world of Windows programming, the book is meant to 
continued 
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The groundwork for these innovations was laid by 
the industry's first 80386-based personal computer, the 
16-MHz COMPAQ DESKPRO 386. Still outperforming 
most 80386 machines, it offers high-performance capa- 
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COMPAQ PORTABLE III is the smallest full-function 
80286-based computer that truly gives you the power of a 
desktop. And the COMPAQ PORTABLE II still offers more 
internal expansion capabilities than any other portable. 


"Based on an independent survey of major brands, {Based on an independent survey of 209 FORTUNE 1000 companies. 
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complement, rather than replace, the documentation included 
with the Microsoft Windows Software Development Kit. 

Authors David Durant, Geta Carlson, and Paul Yao have di- 
vided the book into three major sections. The first section intro- 
duces the Windows system and emphasizes the programmer's 
concern with the various features. The discussion is lucid and 
complete, so readers gain a basic understanding of the Windows 
system necessary to begin learning the specifics. This kind of 
explanation isn't available elsewhere. 

The Microsoft documentation, on the other hand, written by 
those who know the system inside out, assumes that you are fa- 
miliar with parts of Windows not yet introduced. Аз a resuit, 
gaining a working understanding is a difficult and frustrating 
challenge. The overview in The Programmer s Guide to Win- 
dows alleviates most, if not all, of that frustration. 


Sample 

The last chapter of the first section presents a program named 
Skeleton. As its name suggests, Skeleton 1$ a framework upon 
which to build full-blown Windows programs. All the sample 
programs in the book are based on Skeleton, which generates 
an empty window and displays an “ About..." dialog box on ге- 
quest. The program to accomplish that is over 500 lines long. 
While it doesn't do much useful work, Skeleton takes care of 
the housekeeping—opening, displaying, repainting windows, 
and so on—that all Windows programs require. Skeleton also 
provides a sound structure with places clearly marked to add 
code for initialization, repainting, and responding to messages. 

The bulk of The Programmer's Guide to Windows is the sec- 
ond section, a collection of chapters that introduce specific fea- 
tures of Windows with a sample program. The authors discuss 
each topic briefly, then present a program to illustrate the fea- 
ture. They explain in detail each element of the program's code 
not previously introduced. This example-rich approach makes 
understanding the topic much easier than the dry explanations of 
the Microsoft manuals would have us believe. 

This section covers all the topics of interest to Windows pro- 
grammers: text display, menus, dialog boxes, mouse input, 
graphics output, child windows, file and printer I/O, memory 
management, dynamic libraries, and data transfer. The descrip- 
tion of dialog boxes in particular is especially revealing because 
it is so much more understandable and detailed than the cover- 
age in the Microsoft documentation. Ás is too often the case, the 
Microsoft manuals describe each function well but fail to pro- 
vide an adequate overview. The explanation of Microsoft's 
much-touted Dynamic Data Exchange (DDE) also stands out 
for the same reason. DDE isn't mentioned in the Microsoft 
documentation, but it is fully explained with a set of sample pro- 

grams in The Programmer 's Guide to Windows. 

All the examples from the book—along with a few extras, in- 
cluding a Windows version of the Game of Life—are available 
separately from the authors on one | .2-megabyte floppy disk for 
$25 or on four 360K-byte disks for $30. 

The disk does have some irritating minor errors. For one 
thing, all the programs were developed from the Skeleton pro- 
gram, and many of them still have comments identifying them 
as the Skeleton program. Printer, the sample printing pro- 
gram, contains in its resource script file a reference to 
Grephícs.h that should be a reference to Printer.h. As а re- 
sult, the program doesn't compile. The authors should have 
taken more time to double-check their disk. 


Tools 
The last section of The Programmer 's Guide io Windows ex- 
plains the operation of the programming tools used to develop 
Windows programs. Sample command lines are given for the 
continued 


т [= | к WS es) _ 1200, 600 ог 
B. c — 0-300 bps asynchro- 
a b | nous), private line or dial-up 


| operation and RTS/CTS delay are 
UDS Puts Sync & Async software selectable options. 


Protocols on a Single Board The device provides full-duplex operation 
over either two-wire private or dial-up circuits; 


One expansion slot on your IBM PC or com- 2780/3780/3270 BSC and 3270/3770/5251 SNA 
patible can now do double duty. UDS has software is available. The unit is compatible 
packaged both synchronous and asynchro- with most asynchronous communication 
nous protocols, plus a V.22 bis compliant packages, including Mirror И. 

modem, on a single Sync-Up" card. The unit For additional specifications, quantity 

also provides true synchronous autodialing prices, and information on other Sync-Up 

via bus-directed commands and responses. products, contact Universal Data Systems, 

In the asynchronous mode, the unit is com- 5000 Bradford Drive, Huntsville, AL 35805. 
patible with the AT command set. 


For the user, this means unparalleled flexi- | D 
bility in micro-to-mainframe, micro-to-mini and Universal Data Systems 
micro-to-micro communications. Data rate АА) MOTOROLA INC. 

(2400, 1200 or 600 bps synchronous; 2400, Iintormanon Systems Group 


PHONE 800/451-2369 
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C programmers are talking about C talk!" 
The easy way to add the POWER of 
OBJECT-ORIENTED Programming to C 


C talk extends your C compiler to a real Object-Oriented Language (ООІ.). 


It ia not a new language; И simply adds Smalltalk-!lke features to C: 
Q Encapsulation 
Q Messaging (Dynamic Binding) 
Я Inheritance 
С talk offers all of the advaniages of OOLs:; 
C Ahighly modular software design methodology 
О Reusable software components 
О Extendable saftware components 


Plus the advantages of С: 
Q Speed, size, flexibility 
Q Ease of application delivery 
С Access to C libraries and C tool sets 


С talk consists of an application development environment with: 
О A powerful Smalltalk-like Browser for browsing, defining and editing an 


applicarion's object class hierarchy 

[3 A Preprocessor for converting object class descriptions into standard C 
programs that аге compatable with popular C compilers 

С An integrated, semiautomatic Make utility for concrolting the preprocessing, 
compiling and linking of an application, object classes, C files or libraries 


C talk is dexlgned 10 run on an ВМ РС for compatable} with one of the following С 
compilers: Microsofi* C, Lattice С, Turbo C, or C86, A system configured with a hard 
drive and mouse is highly recommended. 


[M el 
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THE 3.5" CONNECTION! 


This internai 720K 3.5" disk drive is a "drop-in" replacement 
for 5.25" drives! It's the ideal solution for exchanging data 
between your PC/XT/AT and the new generation of laptops. 
Disk format is compatible with ІВМ, Toshiba and Zenith 
portables. The Model 853W drive kit contains everything you 
need, including interface adapters, premium SONY drive, and 
complete documentation. Uses your existing disk controller 
(no additional slots required). Requires DOS 3.2 for maximum 
performance. Ask about our Model 873W (1.44MB). 


lineriranics 


$159.95 


* FRT. & TAX 


$$ SAVE $$ 
SONY DISKS 


INCORPORATED 


e 400 Daily Lane — 
PO. Box 5210 VISA 
Grants Pass, OR 97527 ШЕИ 


WENO! IMMEDIATE DELIVERY! 
MO” Call 503-474-6700 or 503-474-6701 
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Microsoft C Compiler, the Windows Linker (Link4), and the 
Windows Symbolic Debugger (Symdeb). 

The Microsoft C command lines given in the book are differ- 
ent from those on the optional disk, though they are functionally 
equivalent. The Link4 command lines in the book are also dif- 
ferent from those on the disk. In this case, however, the book's 
version is incorrect. One of the command-line switches (param- 
eters) is in the wrong place, so the linker gives an uninformative 
error message. Most of the Link4 command lines on the disk 
are correct, but a few follow the example of the book, and there- 
fore they don't work. The Symdeb command lines are all cor- 
rect. The moral here is to follow the examples from the Win- 
dows Software Development Kit disks. 

The Programmer's Guide to Windows is a useful book that 
can save many hours in training programmers new to Microsoft 
Windows. It is also a useful reference for a quick brush-up on a 
particular topic. The optional disk costs more than the book, but 
its cost isn't difficult to justify if you plan on doing much Win- 
dows programming, since it could save hours of typing in exam- 
ples. The erroneous Link4 command lines in the book and the 
errors on the disk are irritating, but if you're doing serious Win- 
dows programming, you don't want to be without the book or 
the disk. 


David Hart lives in Chestertown, Maryland, and writes fre- 
quently about Windows and Windows applications. 


FAST ACCESS| WORDPERFECT 
Reviewed by John Unger 


Brady Books, a division of Simon & Schuster, New York, NY: 
1987, ISBN 0-13-307489-7, 200 pages, $12.95 


Е ast Access\ WordPerfect by Rhyder McClure takes advan- 
tage of the fact that WordPerfect, like other powerful word- 
processing programs, is not easy to learn to use in an intuitive 
way. The book is designed to help beginning WordPerfect users 
overcome some of the hurdles that prevent them from getting the 
most from this software. Experienced WordPerfect hands will 
not get much from the book; there are no arcane secrets to be 
learned here. 

McClure's writing style is light and easy to read. The book is 
organized alphabetically into separate chapters from one to six 
pages long. The chapters describe major WordPerfect com- 
mands, such as Cut/Copy а Column, Go to Key, or Undelete. 
Each chapter follows the same format: First the author presents 
a clear explanation of the WordPerfect command, then at least 
one easy-to-follow example and a description of the result of the 
command's action. 

The final 40 pages of the text contain step-by-step examples of 
11 useful WordPerfect macros; this section will give readers the 
confidence to use this powerful feature of WordPerfect for their 
own applications. 

Presumably, because of the book's A-to-Z structure, Mc- 
Clure decided that an index would be superfluous. This was an 
unfortunate oversight, because the absence of an index seriously 
reduces the book's usefulness. An index should be an essential 
part of a reference text like Fast Access WordPerfect. If Word- 
Perfect's on-line help is too terse for you and the WordPerfect 
manual is too difficult and time-consuming to use routinely, 
then a book like Fast Access WordPerfect may be just what you 
need to get the most out of WordPerfect. м 


John Unger lives in Hamilton, Virginia. He writes graphics soft- 
ware and uses computers to study the structure of the earth's 
crust. 


i 30MB 


SYSTEM 


SYSTEM 
INCLUDES: 
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* GREEN'AMBER MONITOR 
“MINI АТ STYLE CASE W/RESET 
“OPERATING MANUALS 

* ЗО MB SEAGATE 

-Additional Options- 

CGA w Samsung 


Color Monitor Add $1 99 
40MB SEAGATE $CA 
AWESOME DEAL | Е 


57-225 20 MB KIT pu 
20 MB Hard Drive Sysiem We - 
includes; Controller, VJ i 
Cables & Instructions ы 


* ST - 238 30 MB Kil 
30 MB System Includes: "c 
Controller, Cabia & Instructions 1 


MotherBoard 


8088 - 2(4.77/8МН: OK $99 
8088 - 1 (4.77/10 MHz) ОК $139 
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1 Diag, Screen ” " Compile меуі all 
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SYSTEM INCLUDES: 
“INTEL 80286 


* 640 K RAM 
* 1.2 MB FUJITSU FLOPPY DRIVE 
* AT STYLE KEYBOARD 
» WD FLOPPY/HARD CONTROLER 
* 200 WATT POWER SUPPLY 
* AT STYLE CASE 
* OPERATING MANUALS 
* 3 HOURS FREE TRAINING 


-ADDITIONAL OPTIONS- 
Mono/graphic/parellel adapter 


w/Samsung Monitor $ 1 2 В 

40 Meg Seagate (28 Msc) $450 
EGA BOARD 8 EGA Могло 5 95 
мер 40 MB High Speed 
Жал "АТ Drive 

- M7 8 * 28 MSC 57-251 
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и 20 МВ АТ DRIVE 


МЕМОНҮ BOARD 
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GAME PORT $149 
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CLOCK GAME PORT OK $95 


MONITOR 


9 MONO, TILT & SWIVEL 
GREEN AMBER 
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SYSTFM INCLUDES 
-80386 CPU (32 BIT) 
* KEYBOARD SWITCHABLE SPEED 
1 MB RAM (22 BIT RAM 
UP TO 4 МВ ON BOARD} 
* 64 К CACHE MEMORY 0 WAIT 
* 1.2 MB FLOPPY DRIVE 
* SERIAUPARALLEL/CLOCK 
» AT 101 KEYBOARD 
. 40 MB SEAGATE (28MSC.) 
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GAME PORT $35 € COLOR/GRAPHICS 
@2ND SERIAL OPTION KIT PARALLEL CARD RGB 
e MULTI 1/0 $80 Pee ui pb шкі 560 
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9 JOY STICK KRAFT-3 20 GRAPH $226 
| @GRAVIS SUPER JOYSTICK ote са 
GENIUS MOUSE EXTENDED SERVICE CONTRACT 
FREE ^n NOW AVAILABLE 
v THRU NATIONWIDE! 
PAINT SOFTWARE WE SERVICE: 
MOUSE BROTHER, EPSON, NEC, 


SEAGATE, EVEREX,, AST 
WE SELL & SERVICE! 


EPSON SEIKOSHA 
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Now Apple speaks IBM. 


Three times faster than IBM. 


Introducing 
PC Transporter.” 
The Apple® IT expansion 
board that lets you 
run MS®-DOS programs. 
Now your Apple П can run 
over 10,000 programs you could 
never use before. Like Lotus® 
1-2-38 MultiMate® dBASE ІН 
PLUS® Even Flight Simulator® 
With PC Transporter, MS-DOS 
programs run on your Apple II 
like they do on IBM? PC's or 
compatibles. With one important 
difference. PC Transporter runs 
most of those programs ‘ree 
times faster than an ІВМ PC/XT® 
Plus, to speed through number- 
crunching tasks, you can use 
our optional 8087-2 math co- 
processor chip. It plugs into a 
socket on the PC Transporter. 
Less expensive than an 
IBM clone. 
sure, a stripped-down IBM 
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clone costs about the same as 
the PC Transporter. But the pe- 
ripherals it takes to get the clone 
up and running make the clone 
cost about three times what our 
Amcrican-made card costs. 

You don't have to buy new 
hardware to use PC Transporter. 

Works with the hardware you 
already own. 

With PC Transporter, MS-DOS 
programs see your Apple hard- 
ware as ІВМ hardware. You 
can use the same hardware you 
have now. 

With IBM software, your Apple 
hardware works just like IBM 
hardware. Including your drives, 
monitors, printers, printer cards, 
clock cards and serial clocks. 


You can use your Це® or 1657 
keyboard with IBM software. Or 
use our optional IBM-style key- 
board (required for the II Plus). 

You can use your Apple mouse. 
Or an IBM compatible scrial 
MOUSE. 

Plenty of power. 

PC ‘Transporter gives you as 
much as 640K of user RAM 
and 128K of system RAM in the 
IBM modc. 

PC Transporter also is an Apple 
expansion card, adding up to 
768K of extra RAM in the Apple 
mode. The Apple expansion alone 
ба $300 value. 

Easy to install. 

You can install PC Transporter 
in about I5 minutes, even if 
you've never added an expansion 
board. You don't need special 
tools. Simply plug it into an Apple 
expansion slot (1 through 7 ex- 
cept 3), connect a few cables and 
a disk drive, and go! 


PC Transporter taps into tbe world’s 
software library Now your Apple can 
run most of the IBM software you use 
at work. And ft opens а new world of 
communications programs, games and 
bulletin boards 


A universal disk drive 
controller. 

PC Transporter supports 3.5" 
and 5.25" MS-DOS and ProDOS 
formatted diskettes. You'll shift in- 
stantly between Apple ProDOS 
and IBM MS-DOS. 

You'll need our versatile 5.25" 
360K drive system to run IBM 
applications from 5.25" flop 
disks. Use your Apple 5.25" drive 
for Apple 5.25" disks. 

Àn Apple Disk 3.5 Drive will 
support the new 3,5 disks 
whether they're IBM MS-DOS 
formatted or Apple ProDOS for- 
matted. The PC Transporter acts 
like an Apple Disk 3.5 Drive disk 
controller for IIGs, Пе, and Il 
Plus users. 

PC Transporter supports 
up to 5 drives in a number of 
combinations. 

For example, you can connect 
a 5.25 Applied Engineering 360K 
dual-drive system directly to the 
card. Then plug two daisy-chained 
Apple 3.5 Drives (not the Apple 
UniDisk 3.5) to the dual-drivc 
system. For a fifth drive, use a 
ProDOS file as an IBM hard disk. 


PC dabis А controls Apple and ВМ 

ible disk drives. it supports 3.5" and 
5.24 25 MS-DOS and ProDOS formatted 
diskettes 


дәріс |І Pha must be РСТ, Гсттіісі НМ жый PE ХТ же 
ігжісттгіп of Aston Tue, Inc MS шы] 
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Versatile data storage. 
PC Transporter reads MS-DOS 
and translates it into Apple native 
ProDOS. You can store IBM pro- 


· grams and data on any ProDOS 


storage device including the 
Apple 3.5 Drive, Apple UniDisk™ 
3.5, Apple 5.25" drive, SCSI or 
ProDOS compatible hard drives. 
(You can use the Apple UniDisk 
3.5 with its own controller card 
for storing programs and data,but 
not for directly booting an IBM 
formatted disk.) 

You can even use our 360K PC 
compatible drive for ProDOS 


Make your Apple speak IBM. 


PC Transporter memory choices. 


RAM in RAM in 
Apple mode: IBM mode: 
384K 256K 
512K 384K 

640K 512K 569.00 
768К 640K 609.00 
Note: The ІВМ mode is 128K less because 
the PC Transporter uses 128K for system 
memory. 
ics Installation Kit 
пелі Plus 
Installation Kit 39.00 
PC Transporter Accessories 
5. 25" IBM Format 360K 


Price: 


$489.00 
529.00 


49.00 


) 
(required for Apple И Plus. Requires 
IBM Keyboard Cable. ) 
IBM Keyboard Cable 34.00 
499.00 


Sony RGB Monitor 

Analog RGB Cable 39.00 
(for usc with Sony monitor) 

Digital RGB Cable 39.00 
(for ис with Sony monitor ) 

Digital RGB Adapter 24.00 

ColorSwitch 44.00 

(included with [ics Installation Kit) 


er Su 
(Пс and li BD nalr 


See your dealer or call or send 
check or money order to Applied 
Engineering. MasterCard, VISA and 
COD welcome. Texas residents 
add 6⁄4% sales tax. 


hanca Machancr. Lotus mi | 2-3 ate гераі ugdemrio of Lone Deepen! Comoration Multis 
Smar me registered uademmario of Мило. Appi: Не amd ProDO® arc registered trademarks and [ites and іі, are 1Гмісттіміл vf Apple {сири 


PC Transporter produces better ІВМ graphics 
than ІВМ. Analog is sbarper than digital 
So with an analog RGB monitor PC 
Transporters CGA graphics and text are 
superior to IBMS digital display — even 
while running IBM software! 


And, you can also use an Apple composite 
monitor in IBM text or graphics mode 


storage and a 143K Apple 5.25" 
drive for MS-DOS storage. 

Created by Apple's original 

designers. 

The brains behind PC Trans- 
porter were also behind your 
Apple Ц. 

The PC Transporter design 
team includes the former project 
managers for the creation of the 
Apple Не and Hc. The co-designer 
of the Apple П disk controller. 
And the first full-time Apple 
programmer and author of thc 
ProDOS operating system. 

So you know the PC Trans- 
porter and your Apple were made 
for each other. 

Support and service from the 
eader in Apple add-ons. 

Applied Engineering sells more 
Apple peripheral boards than any- 
опе else — including Арріс 
Computer. So you know we'll be 
around after the sale. 

PC Transporter comes with a 
15-day money back guarantee. If 
you're not fully satisfied after 
using it, return it for a full refund. 
PC Transporter also comes with a 
l-year warranty. 

How to get your PC 
Transporter today. 

See your dealer. Or call Applied 
Engineering any day between 
9 a.m. and 11 p.m. CST at 
214-241-6060. 


Æ Applied Engineering 
Тһе Apple enbancement experts. 


PO. Box 798, Carrollton, TX 75006 
214-241-6060 
Divison of AE Research 
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WATCH WHAT YOU'RE DOING. 


Introducing UniLab 8620 analyzer-emulator with InSight. 


ш = There's nothing like InSight™ A feature 
af the new 8620 that lets you actually watch 
your program po through its paces. So you 
сап debug faster. And speed up microprocessor 
development For demanding applications like 
the automotive controller shown. 


ш An exciting industry first, InSight blends 
analyzer/emulatar techniques to give you 
continuous, real time monitoring of key pro- 
cessor functions. See changing register contents, 
[/O lines, ports, user-defined memory win- 
dows. With your own labels. And all at once. 
interactively 

Without stopping 

your program. 
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M InSight is made possible by the 8620's 
advanced bus state analyzer, its 2730-bus-cycle 
trace buffer, and a new high-speed parallel 
interface that eliminates RS-232 bottlenecks. 


в = The fast interface also speeds data 
throughput. From your hard drive, you can 
load a 64K program into emulation memory 
in five seconds. 


M On top of thal, you get a new, crystal- 
controlled 1 usec clock for super precise 
event timing. 
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Ш — Computer integrated instruments from 
Orion prove debugging needn't he costly or 
tedious. For more than 150 processors. Like all 
ош analyzer- emulators, the 8620 debugs һу 
symptom. Via advanced truth table triggering. 
Always included is cnough breakpointing 

and single stepping (now faster than ever) 

to assure optimum efficiency. We even provide 
a stimulus generator and built-in EPROM 
programmer te help finish the job. 


ш Getserious about price/performance. 
Save big on design, test, and support costs. 
UniLah 8620 analyzer- emulator. 


ш — Look into it. 
Toll free: 800/245-8500. In CA: 415/361-8883. 
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Computer Integrated Instrumentation 
702 Marshall Street, Redwoud City, CA 94063 
Telex: 530942 

«(пери К a trademark of Orton Instruments, Ine 
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89 Short Takes " --- 
Sharp PC-4521 
Sprint 1.0 
Quad386XT 
Desk Jet 
WordStar 2000 3.0 
ZCM-1490 
Microsoft Windows 2.0 


First Impressions 
103 Microsoft Languages Update 
113 dBASE IV; A Paradox Killer? 


Reviews 
118 The Best of the 24-pin Printers 
131 The WYSEpc 386 
137 The Commodore Amiga 2000 
144 The Taxan Crystal Jet 

and the Data Technology 

CrystalPrint VIII 
150 AT Probe and Periscope III 
163 "Two Fast C Compilers for PCs 
168 SAIC SVS FORTRAN 

and MicroWay NDP FORTRAN 
181 Interleaf Publisher 

for the Macintosh II 
189 Review Update 


193 Computing at Chaos Manor 
by Jerry Pournelle 


211 Applications Only 
by Ezra Shapiro 
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IT'S TIMETO DO SOME 
SERIOUS 386 BUGBUSTING! 


PROBE’; тени | , 
, — Probe Varsics 1.00 ‚ POP registers up 
bar and puil- = and down with a 
к; menus ss Ы га single key. 
debugger ПШ eser ены, upper bound, ent 8 
interfaces. [alt (Alou, Supper. step): 
Print table header. - - 
————— cm ПТ Я - 
grip єє Г Са): LT. ІШІПТІ ; 
PROBE has | | 1 rm 
' —— 
source-level Frist table. a = P 
debugging fo let ті" lower: x: bug. Since it is 
you your while (fahr (s appar m ^ interrupi related, 
program, L^ жадыдағы MA i АЫ it onl 
ініне tempera < арнын 
чы m itm a — real time. 


elcome to your nightmare. Your company has bet 
\ А / the farm on your product. Your demonstration 
wowed the operating committee, and beta ship- 

ments were out on time. Then wham! 

All your beta customers seemed to call on the same day. 
“Your software 1s doing some really bizarre things’ they say. 
Your credibility is at stake. Your profits are at stake. Your 
Sanity is at stake. 


THIS BUG’S FOR YOU 

You rack your brain, trying to figure something out. Is it a 
random memory overwrite? Or worse, an overwrile Io a stack- 
based local variable? Is it sequence dependent’? Or worse, 
randomly caused by interrupts? Overwritten code? Undocu- 
mented “‘features” in the software you're linking to? And to 
top it off, your program is too big. The software debugger, 
your program and it's symbol table can't fit into memory at 
the same time. Opening a bicycle shop suddenly isn't such a 
bad idea. 


THIS DEBUGGER'S FOR YOU 

Announcing the 386 PROBE" Bugbuster,*from Atron. Nine 
of the top-ten software developers sleep better at night 
because of Atron hardware-assisted debuggers, Because they 
can set real-time breakpoints which instantly detect memory 
reads and wriles. 

Now, with the 386 PROBE, you have the capability to set a 
qualified breakpoint, so the breakpoint triggers only if the 
events are coming from the wrong procedures. So you don't 
have to be halted by breakpoints from legitimate areas. You 
can even detect obscure, sequence-dependent problems by 
stopping a breakpoint only after a specific chain of cvents has 
occurred in a specific order. 


Then, so you can look at the cause of the problem, the 386 
PROBE automatically stores the last 2K cycles of program 
execution. Although other debuggers may try to do the same 
thing, Atron is the only company in the world to dequeue the 
pipelined trace data so you can easily understand it. 

Finally, 386 PROBE's megabyte of hidden, write-protected 
memory stores your symbol table and debugger. So your bug 
can't roach the debugger. And so you have room enough to 
debug a really big program. 


‘COULD A GOOD NIGHT’S SLEEP 
PUT YOU IN THE TOP TEN? 
Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
their edge is — a good night's sleep. 
Call and get your free, S6-page bugbusting bible today. 
And if you're in the middle | of a nightmare right now, 
at give usa purchase order 
number. We'll FEDEX 
you a sweet dream. 


t E BUGBUSTERS 


gs 
А division of Northwest Instrument Systems, Inc. 
Saratoga Office Center @ 12950 Saratoga Avenue 
Saratoga, СА 95070 € Call 408/253-5933 today. 


*Veraons for COMPAQ, P5/2-40s and compatible Copyright ^^ 1987 һу Анап. 385 PROBE ix а Irademark of Alon Call 44-2-855-RB3 in ihe DK and 493-085-3073) in West Germany. TRBA 
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WHAT'S NEW 


Mac Tower Packs 
Gigabytes 


he Giga Tower from 

Giga Cell Systems/Nu- 
Data is a line of ultra-high- 
capacity hard disk systems that 
incorporate Ápple's complete 
Macintosh II system, including 
the monitor and keyboard. 
Besides the heart of the Mac П, 
the basic setup includes a 40- 
megabyte tape backup system, 
а 10-megabyte removable- 
media drive, and a single 
800K-byte 34-inch floppy 
disk drive. 

The Tower's hard disk 
storage is available in five fla- 
vors: 270 megahytes, 580 
megabytes, 870 megabytes, 
1.16 gigabytes, and 1.45 
gigabytes. The entire system 
comes with a full range of 
software including memory 
management, hard disk com- 
pression and optimization, and 
full backup software. 

Price: From $18,950 to 
$34,950. 


The Giga Tower includes a 
Mac И. 


Contact: Giga Cell Systems/ 
NuData Inc., 4201 Burton Dr., 
Santa Clara, CA 95054, 

(408) 727-1049. 

Inquiry 751. 


Unicorn Gallops at 
30 MHz 


he Unicorn B/200 is 

Microproject Internation- 
al’s multiuser system that 
runs at 30 MHz using AT&T's 
WE 3220X chip set. Support- 
ing 50-plus users, the Unicorn 
is object-code- and media- 
compatible with AT&T's 3B 
computers, which have over 
1000 applications programs 
available. 

The Unicorn runs Unix 
System V/VME 3.1, which has 
new features including shared 
executable libraries, remote 
file sharing, media indepen- 
dent networking, and a streams 
communications interface. 

The system includes a 
VME processor board with the 
30-MHz WE 32200 proces- 
sor, the 3.5- MWHETS 
WE 32206 math coprocessor, 
and the WE 32201 MMU/ 
cache, which combines a 
99.8 percent hit rate, multi- 
user, memory management 
unit with 4K bytes of two-way 
set-associative, zero-wait- 
state, physical data cache. 

To reduce bus traffic and 
speed data transfers between 
peripherals and main mem- 
ory, the Unicorn also has a 
68020-based disk controller 


А “%- 


w 


This Unicorn runs Unix at ЗО MHz. 


that has a 32-bit direct-mem- 
ory-access (DMA) controller 
and 128K bytes of buffering. 
There's also a serial commu- 
nications module to assist inter- 
rupt-intensive tasks. 

Unicorn includes 4 to 16 
megabytes of RAM, a SCSI in- 
terface, multiple hard disk 
drives with capacities of 85 to 
760 megabytes, high-density 
floppy disk drives, a 9-track or 
streaming-tape cartridge, 2 to 
66 RS-232C serial ports, and 
Ethernet. 

Price: $20,000 to $45,000. 
Contact: Microproject 
Corp., 4676 Admiralty Way, 
Suite 610, Marina del Rey, 
CA 90292, (213) 306-8000. 
[Inquiry 752. 


SEND US YOUR NEW PRODUCT RELEASE 

We'd like to consider your product for publication. Send us full in- 
formation, including its price, ship date, and an address and tele- 
phone number where readers can get further information. Send to 
New Products Editor, BYTE, One Phoenix Mill Lane, Peter- 
borough, NH 03458. Information contained in these items is based 
on manufacturers’ wriiten statements and/or telephone interviews 
with BYTE reporiers. BYTE has not formally reviewed each prod- 


uct mentioned. 


Hyundai's First 
File Server 


he Super-286, Hyun- 
dai's first LAN-related 

product, is also configurable 
as a stand-alone personal com- 
puter. It has six 16-bit and six 
8-bit expansion slots, and space 
for five half-height drives. 

The speed of the Hyundai 
is switchable between 8 and 
10 MHz with zero wait states. 
Standard features include 
| megabyte of RAM on the 
motherboard, a single 1.2- 
megabyte floppy disk drive, 
а 101-Кеу keyboard, MS- 
DOS 3.2, and GWBASIC 3.2. 
Ап 80287 math coprocessor 
is optional, and Hyundai has 
optional hard disk drives 
available in capacities of 20, 
30, 40, or 70 megabytes. 
Price: 51999. 
Contact: Hyundai Electron- 
ics America, 4401 Great 
America Parkway, Santa 
Clara, CA 95054, (408) 
980-7561. 
Inquiry 753. 


continued 
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Remove That 
Hard Disk 


f you own an Amiga, 

Atari, or Macintosh, you can 
hook it up to Supra Corp.'s 
SupraDrive FD-10, a 
10-megabyte hard disk system 
that uses 54-inch floppy 
disks. 

With an average access 
time of 80 milliseconds, the 
company says the FD- 10 ap- 
proaches the speed of a normal 
(nonremovable) hard disk 
while letting you easily trans- 
port data or make backups. 
The FD-10 comes with soft- 
ware and cables ready to plug 
in and use. On the Amiga and 
Macintosh, it connects to the 
SCSI interface; on the Atari, it 
connects to the DMA port. 
Price: For Atari and Macin- 
tosh, $895; for Amiga, $1095. 
Contact: Supra Corp., 1133 
Commercial Way, Albany, OR 
97321, (503) 967-9075. 
Inquiry 754. 


Apple Wages Laser War 


pple's new laser printers 

are named the Laser- 
Writer IINTX, the Laser- 
Writer IINT, and the Laser- 
Writer IISC. They range from 
a $6599 model to a $2799 Post- 
Scriptless model. In the mid- 
dle is a $4599 PostScript 
model. You can upgrade the 
low- and mid-range printers for 
more functionality by simply 
slipping out and replacing their 
controller boards. 

The three printers each 
weigh 45 pounds. They are 
built around the Canon LBP- 
SX printer engine and print at a 
maximum rate of § pages per 
minute. The NT and NTX 
models both come with 2 
megabytes of RAM; the SC has 
1 megabyte. 

Apple has also improved 
the paper-handling capabilities 
of its laser printers with these 
new models; the [МУП line has 
automatic paper handling 
with a 200-sheet paper cassette 
with face-up or face-down 
output trays. Each input cas- 
sette can hold up to 200 
sheets of 20-pound paper; let- 


WHAT'S NEW 


Add a hard disk drive to your Amiga, Atari, or Mac. 


ter, legal, A4, B5, and enve- 
lope cassettes are available. 
According to Apple, the 
duty cycle provides for a mini- 
mur life expectancy of 
300,000 pages with unlimited 
monthly output. 
Price: LaserWriter IISC, 
$2799. Laser Writer ПМТ, 
$4599; LaserWriter IINTX, 
$6599. 
Contact: Apple Computer 
Inc., 20525 Mariani Ауе., 
Cupertino, CA 95014, (408) 
996-1010. 
Inquiry 755. 


Husky Mac Displays 
Assault the 
Old Standard 


wo large-screen moni- 

tors for the Macintosh are 
becoming more prevalent. 
Each takes a vastly different 
approach for users with dif- 
ferent needs. 

The MacGenius is a 15- 
inch full-page display that's de- 
signed to work with the Mac- 
intosh 512, Plus, and SE. With 
a black-on-white page 
display, the monitor displays 
up to 720 by 1008 pixels at 
100 dots per inch using а 1-10-1 
aspect ratio. 

Compatible with virtually 
all Macintosh software, you 
can use the MacGenius in 
concert with the Mac's built-in 
9-inch screen. With both 
screens active, you can изе the 


Mac's main screen to hold 
desk accessories, tool palettes, 
and document windows. 

The monitor is noninter- 
laced, with a 60-Hz refresh 
rate. Its horizontal scan fre- 
quency is 62.76 kHz, and it has 
а video bandwidth of 100 
MHz. 

Price: $1795. 

Contact: Micro Display Sys- 
tems Inc., 1310 Vermillion St., 
P.O. Box 455, Hasungs, MN 
55033, (800) 328-9524; in 
Minnesota, (612) 437-2233. 
Inquiry 756. 


he MacLarger takes a 

slightly different, lower- 
cost approach to big Mac 
screens by simply enlarging the 
image 60 percent over the 
standard Mac screen while re- 
taining the Mac's standard 
512- by 342-pixel resolution. 

The monitor is shipped 

along with а video board that 
the company says you can in- 
stall in about 15 minutes 
without making any major 
modifications to your Mac 512, 
Plus, or SE. Another stan- 
dard feature is that the video 
board has a composite video 
output, which you can use to 
drive a standard monitor or 
projection television (though, 
of course, at much lower res- 
olution than the standard Mac 
screen). 
Price: 5449. 
Contact: Power R, 1606 
Dexter Ave. М, Seattle, WA 
98109, (206) 547-8000. 
Inquiry 757. 


A Duet of Drives 
for the Mac SE 


f you own a Macintosh SE, 

you now have an increas- 
ingly wide selection of hard 
disk drive options for your 
electronic beast, with higher 
and higher capacities fast be- 
coming the norm. Here are 
two examples: 

Jasmine Technologies’ 
InnerDrive 40/SE is a 40- 
megabyte drive that you in- 
stall inside the SE's case. It sits 
above the Mac's dual internal 
drives, so you don't need to 
remove a floppy disk drive 
for it. 

According to its manufac- 
turer, the InnerDrive 40/SE 
has an average access time of 
29 ms. It’s shipped with a 
mounting bracket, cables, 
and other installation hard- 
ware, as well as 9 megabytes 
of public domain and 
shareware programs, and à 
backup program. 

Price: $999. 

Contact: Jasmine Technol- 
ogies Іпс., 555 De Haro $t.. 
San Francisco, CA 94107, 
(415) 621-4339. 

Inquiry 758. 


f you have gigantic Macin- 

tosh data-storage needs, Re- 
lax Technology is shipping 
what it claims is the fastest and 
largest hard disk drive for the 
Mac SE. With a capacity of 91 
megabytes, the Relax SE 91 
has an average access time of 
16.5 ms. 

The SE 91 takes the place 
of the upper 800K-byte drive in 
the SE, and you'll have to 
have a dealer install it. The 
drive comes with firmware 
self-diagnostics that automati- 
cally locate, isolate, and re- 
allocate bad sectors. 

You can also install the 
Relax SE 91 in a Mac II. 
Price: $1795. 

Contact: Relax Technology 
Inc., 3101 Whipple Rd., Suite 
22, Union City, CA 94587, 
(800) 848-1313; in California, 
(415) 471-6112. 

Inquiry 759, 


conrinued 
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For problems involving engineering calculations or scientific analysis, 


the answer is MathCAD? 


Transporting an iceberg to Southern You decide how to solve the problem – 
California is a formidable task. Calculat- MathCAD does the ‘grunt work." 

ing the variables is just as demanding. о Ends programming and debugging. 
How many tugboats would be needed о Recalculates as variables change. 

to tow the ice mass? At what cost? How а Generates quick plots. 


much fresh water would be lost? Easy to learn and use, MathCAD 
Innovative solutions require extra- operates interactively in standard math 
ordinary tools. For problems involving — notation. And its built-in functions pro- 
calculations or what-if analysis, the vide all the power you need to solve 
answer is MathCAD. real-world problems. MathCAD handles 


MathCAD is the only PC-based soft- matrix operations, solves simultaneous 
ware package specifically designedto equations, works with real and complex 
give technical professionals the freedom numbers, does automatic unit conver- 
to follow their own scientific intuition. sion, displays Greek characters and 


Requires ІВМ? PC or companble 


other math symbols, periorms FFTs 
and much more. 

There's never been a better way to 
get fast, accurate solutions to analytical 
problems. That's why 20,000 engineers 
and researchers are using MathCAD 
daily in applications as diverse as fluid 
mechanics, signal processing and 
molecular modeling. 

To find out what MathCAD can do for 
yOu, call us today for a free demo disk: 
1-800-MathCAD (in MA, 617-577-1017). 
Or write to MathSoft, Inc., One Kendall 
Square, Cambridge, MA 02139. 


Math Soft 


Г 
wee Tools for Calculer Minds 


MANY GLASSES 


——— “CAN THIS 
ICEBERG SUPPLY 


TOL.A.? 
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WHAT'S NEW 


"ше ТУ] 


Draw Easy with EASYL 


ASYL PC is a pressure- 

sensitive 1024- by 1024- 
pixel tablet that you can use 
to draw or trace directly into 
your computer just like using 
a normal pen or pencil on 
paper. Typical applications 
include desktop publishing, 
presentation systems, design, 
art, animation, and touch con- 
trol. It sends coordinate pairs 
to your computer at speeds of 
up to 200 pairs per second. 

EASYL PC runs on any 
IBM PC or compatible and is 
designed to run in either 
EGA or CGA mode using most 
graphics software such as PC 
Paintbrush or Dr. HALO. It 
also works with software that 
runs under GEM or Windows. 
The tablet comes with its 

own driver software, but it can 
also emulate both the Sum- 
magraphics MM96] and Bit 
Pad One. You set all EASYL 
PC options via software; there 
are no DIP switches. 


With the EASYL PC tab- 
let, you also get a half-length 
interface card. The card has 
two ports: one for the graphics 
tablet, and one for any stan- 
dard RS-232C serial device 
such as a mouse, modem, or 
serial printer. 

Price: $539. 

Contact; Inforite Corp., 
1670 South Amphlett Blvd., 
Suite 201, San Mateo, CA 
94402, (415) 571-8766. 
Inquiry 760. 


Laser Printer 
Tackles the Big Jobs 


utputting 15 pages per 

minute and with a rated 
monthly output of 40,000 
copies, the Kentek К-2 + laser 
printer is designed for heavy- 
duty use. The printer is 
shipped with a megabyte of 
internal RAM for full-page 
300- by 300-dpi graphics. 
RS-232C, RS-422, and parallel 
interfaces are standard. The 


К-2 + also has a built-in 1.2- 
megabyte floppy disk drive 
that lets you load customized 
data into the printer's mem- 
ory, including up to 30 font 
sets, and macros for images 
such as forms, signatures, or 
logos. 

Although the K-2+ uses 
the proprietary Kentek Com- 
mand language, it also emu- 
lates the HP LaserJet Plus, 
Diablo 630, and Plot 10. 
GSS/CGI emulation is 
optional. 

One unique feature of the 
printer is a job-recovery func- 
tion that lets you reprint the 
page that's stored in the 
printer's memory even in the 
event of a printer error. À bit- 
mapped page remains in the 
printer's internal memory until 
it receives a signal indicating 
that paper has exited. 

You can feed up to 550 
sheets of lener- or legal-size 
paper from the primary cas- 
sette, and up to 250 sheets 
from the secondary cassette. 


FORCE STICK BORROWS MILITARY TECHNOLOGY 


hat has to be the Cad- 

illac of joysticks isn't 
even called a joystick. Tac- 
tron Scientific calls its de- 
vice the Tactron F3 Series 
Force Stick. More conven- 
tional pointing devices such 
as joysticks, trackballs, tab- 
lets, or mice usually employ 
wheels, mechanical link- 
ages, or optical sensors. But 
the Force Stick uses semi- 
conductor strain gauges: 
very expensive yet sensitive 


and accurate circuits that are 
integrated into the Force 
Stick's apparently rigid con- 
trol rods. 

The strain gauges are vir- 
tually identical to those used 
in military applications, 
such as the control stick on 
the Air Force's F-16 fighter 
jet. Unlike ordinary point- 
ing devices, which sense po- 
sition, the strain gauges in 
the Force Stick sense the 
force applied. The company 


Force Sticks are the closest thing to flying an F-16. 
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says the result is that the 
Force Stick has the seeming- 
ly contradictory capability 
of being so sensitive yet easy 
to control and position, 
Each Force Stick is 534 by 
734 inches and is housed in a 
jet-black anodized alumi- 
num case. Two models—2- 
and 4-axis versions—are 
available, each with six 
microswitches. Hidden in 
the case are an on-board 
microprocessor and signal- 
conditioning circuitry that 
lets you choose linear or ac- 
celerated force modes. The 
Force Stick plugs directly 
into an RS-232C port and 
emulates the Microsoft 
Mouse, Mouse Systems 
Mouse, and the Summa- 
graphics MM series. 
Price: 2-axis version, $765; 
4-axis version, $965. 
Contact: Tactron Scientific 
Inc., 7265 Mountain Trail, 
Dayton, OH 45459, (513) 
434-4117. 
Inquiry 763. 


Optional 1200-sheet primary 
and 550-sheet secondary cas- 
settes are available. The Кемек 
K-2-r weighs 132 pounds 
and measures 14 Бу 26'A by 
18% inches. 

Price: $8970. 

Contact: Kentek Information 
Systems [nc., 6 Pearl Court, 
Allendale, NJ 07401, (201) 
825-8500. 

Inquiry 761. 


Two Color Printers 
from Honeywell 


К oneywell Bull Italia has 
two new color printers: 
the 4/40 and the 4/41, which 
use standard-width and wide- 
width forms, respectively. 
Both have three print modes: 
draft at 300 characters per 
second, near-letter quality at 
180 cps, and letter quality at 
70 cps. 

Both printers have bottom- 
feed push tractors that let you 
load fanfold paper from rear 
or bottom trays, and a straight 
paper path that makes it easy 
for you to use heavy paper 
stock, multipart forms, or 
labels. And speaking of multi- 
part forms, the printers use 
what the company calls a 
stored-energy print head to 
handle up to six-part forms 
with a thickness of up to two 
hundredths of an inch. 

The printers let you feed 
individual sheets, cut forms, 
and envelopes without having 
to unload fanfold paper. If that 
isn't enough, you can get any 
of three optional cut-sheet feed- 
ers. Both the 4/40 and 4/41 
emulate the Epson JX-80, IBM 
Proprinter XL, and the IBM 
Graphics Printer. Using the 
front panel and its alphanu- 
meric display, you can choose 
the printer setup as well as set 
the page format and print 
modes. 

Price: 4/40, $1195; 4/41, 
$1395. 

Contact: Honeywell Bull 
Italia, 120 Howard St., Suite 
800, San Francisco, CA 
94105, (415) 974-4340. 
Inquiry 762. 


continued 


“Those who are considering 
purchasing 1-2-3 will be 
better off with Quattro” 


Here's what InfoWorld had 
to say about Quattro 


ff There are some 
clear advantages 

in choosing Quattro 
over the 1-2-3 of 
today: easier instal- 
lation, no copy pro- : 
tection, improved speed, much 
better macros, excellent graphics, 
a customizable command interface, 
and direct compatibility with 
industry standard fite formats. If 
cost is a factor, you can get five 
copies of Quattro for the same 
money that would buy two 

1-2-3 packages.” 
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Features: Improving the 
industry standard 


"Quattro takes the industry stan- 
dard and improves upon it in the 
areas that count most. It addresses 
many of the weaknesses of 1-2-3 
and adds quite a few of its own 
unique touches.” 


"Perhaps Quattro's main advan- 
tage over most other spreadsheets 
is its minimal recalculation capa- 
bility. When you make a change іп 
your spreadsheet, only affected 
cells are recalculated, greatly 
speeding things up in most cases.” 


"Other Quattro features that 
improve upon the 1-2-3 standard 
include auto-record macros, vastly 
superior graphics, and easy 
installation." 


urakat ÖNA 


—John Walkenbach, InfoWorld 


Performance: Markedly 
superior to 1-2-3 
"Our benchmark tests show 


Quattro markedly superior to 
1-2-3 in file saves and retrieves.” 


"Quattro's eraphics are a 
sight to behold.” 


“Quattro makes working with 
macros practically painless. If 
you're into complex 1-2-3 macros, 
the debugging feature alone is 
2004 reason to make the switch 

to Quattro.” 


“No one can argue that Quattro is 
anything less than an excellent 
spreadsheet value. 99 


Excerpts from John Walkenbach''s 
review of Quattro" in InfoWorld, 
January 11, 1988. 


60-Day Money-back Guarantee* 


For the dealer nearest you or 10 order, 


Call (800) 543-7543 
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WHAT'S NEW 


Get a Safety Bubble 
for your PC 


esigned primarily for 
use in harsh environments 

or where memory downtime 
would cause critical problems, 
the PCB-76 PC bubble ex- 
pansion board from MemTech 
adds solid-state, nonvolatile 
bubble memory to your IBM 
PC, XT, AT, or compatible. 
The card needs a full-length 
slot and comes in either 
512K-byte or 1-megabyte sizes. 

The board is shipped with 
an I/O driver in EPROM Ша! 
makes the board look to your 
computer like a standard hard 
disk drive, albeit with a much 
slower access speed. Тһе 
driver is compatible with ver- 
sions 2.0 through 3.2 of both 
MS-DOS and PC-DOS. If 
your application calls for read- 
only usc, you can use а 
jumper to write-protect the in- 
dividual 512K-byte bubble 
memory devices. 
Price: 512K, $995; ] mega- 
byte, $1695. 
Contact: MemTech, 3000 
Oakmead Village Dr., Santa 
Clara, СА 95051, (408) 
980-5300. 


Inquiry 764. 


Add 16 serial ports to your PS/2. 


А Port Bonanza 
for the Micro Channel 


f the single serial port 

that's included with your 
ІВМ Р5/2 Model 50, 60, or 
80 isn't sufficient for your ИО 
needs, the DigiBoard PS- 
СОМ/Х is a full-length Micro 
Channel card that comes in 
(wo models to add З or 16 
serial ports to the system. 

If even 16 ports aren't 
enough, you can use up to four 
boards to provide up to 64 


MemTech adds up to Г megabyte of bubble memory. 


ports. Designed for multiuser 
systems, multiple-point data 
acquisition, and other multi- 
ШО applications, the Digi- 
Board PS-COM/X mounts up 
to 16 RJ-45 connectors in a 
compact shielded extension of 
the board that extends 
through the card slot. 

The board comes with 
COM Ware, the DigiBoard 
communications device 
driver, and software utilities. 


COM Ware lets MS-DOS ac- 
cess up to 64 communications 
ports. OS/2 support is also 
available. Software drivers are 
available for SCO-Xenix/286 
and /386, and the company 
says it's developing drivers 
for the PS/2 versions of Unix, 
Xenix, PICK, THEOS, 
QNX, and PC-MOS. 

Price: 8 ports, $895; 16 
ports, $1295. 

Contact: DigiBoard Inc., 
6751 Oxford St., St. Louis 
Park, MN 55426, (800) 344- 
4273; їп Minnesota, (612) 
922-8055. 

Inquiry 765. 


The Shack 
Accelerates the 1000 


f you own a Tandy 1000 

SX or one of the original 
Tandy 1000 personal com- 
puters, you too can join the era 
of speed and power with 
Tandy's 286 Express accelera- 
tor card. Developed by PC 
Technologies, Tandy claims 
the 80286-based board in- 
creases the performance of the 
8088-based 1000 and 1000 
SX between 200 and 600 per- 
cent—making its speed ap- 
proximately equivalent to an 
8-MHz IBM PC AT. 

The 286 Express is a half- 
slot card that runs at 7.2 МН?. 
It has 8K bytes of on-board 
cache memory and a socket for 
an optional 80287 math co- 
processor. Using keyboard 
commands, you can choose 
either 8088- or 80286-based 
processing modes, and you 
can turn the cache on and off. 
Tandy says the card is also 
compatible with all IBM PC 
hardware and software, in- 
cluding EGA, expanded-mem- 
ory-specification (EMS), and 
LAN boards. 

Price: $399.95. 

Contact: Tandy Corp./Radio 
Shack, 1800 One Tandy Cen- 
ter, Fort Worth, TX 76102, 
(817) 390-3700. 

Inquiry 766. 


Mac Accelerators 
Exceed the Speed Limit 


adius, a company 

known mainly for its 
large-screen monitors, now 
has a 68020-based accelerator 
card that runs at 25 MHz 
and, the company claims, 
boosts the performance of a 
standard Mac SE by a factor of 
6, The Accelerator 25 card 
also supports an optional 
68881 floating-point math 
coprocessor that, when in- 
stalled, can execute numeric 
operations considerably faster 
than a standard SE. 

To achieve the perfor- 
mance gains, Radius uses 
write-through logic with a 
high-speed cache that consists 
of 32K bytes of static RAM. 
This provides a 32-bit-wide 
data path and zero wait states 
for high-speed access to the 
display buffer. Additionally, 
the company credits some of 
the performance gains to the 
software algorithms built into 
the board's firmware. 

Price: Under $2000. 
Contact: Radius Inc., 404 
East Plumeria Dr., San Jose, 
CA 95134, (408) 434-1010. 
Inquiry 767. 


eanwhile, Аох claims 

its DoubleTime-16 accel- 
erator card doubles the speed 
of a Mac SE. At the same time, 
the company claims, the 
board provides complete hard- 
ware and software compati- 
bility at a comparatively low 
price. 

The board uses a 68000 
microprocessor running at 16 
MHz and a proprietary cache 
system. It plugs into the SE's 
option-card slot, with no 
cables to connect or chips to 
remove. It also has a socket 
for a 68881 math coprocessor 
chip. You can switch the ac- 
celerator between 16 MHz and 
the native 8 MHz by using a 
Control Panel desk accessory. 
Price: $395. 

Contact: Аох Inc., 486 

Totten Pond Rd. Waltham, MA 
02154, (617) 890-4402. 
Inquiry 768. 


continued 
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. For students, Microsoft" QuickC" 
is the ultimate programming 
environment. 


“For my research work it gives me 
an all-in-one product for develop- 
ment, while providing interlanguage 
calling as well as compatibility with 
Microsoft C5.0. 


Dr. Kent Chamberlin, University of New Hampshire, 
Department of Electrical and Computer Engineering. 


“With its integrated debugging and 
on-line help, Microsoft QuickC was 
the clear choice as the standard C 


compiler for our courses." 


Greg Tinfow, R & D Engineer, Smart Product Design 
Laboratory, Stanford University. 


"QuickC's built-in graphics, 
debugger and superb on-line help are 


formidable features to overcome." 


PC Al Magazine (comparing QuickC to Turbo C), Fall 
1987, hy Brian Flamig, reprinted with permission. 


If you are new to C, Microsoft 
QuickC can make the difference 
between learning C and giving up in 
frustration." 


Jim Nech, President, Houston Área League of PC 
Users (HAL PC}, 


“QuickC is better than Turbo C7 
It does everything that Turbo C does, 
and then some, incorporating very 
good debugging support that ts totally 
absent from Turbo С 


Alan Holub, Columnist, 
Dr. Dobb's Journal, October 1987 


Circle 309 on Reader Service Card 
(DEALERS: 310) 


yiera is a registered ігейетіті and Quick 
ts а trademark of Microsoft Corporatii 
Turbe C and Turhofiscul am registered 
trademarks of Borland Intemational. Inc 

Urffer vatid іп the 50 Пане States only. 


Not bad, for a $99 compiler. 

Call (800) 541-1261, Dept. D51 and 
we'll send you a free information 
packet, including details of how to 
obtain a TurboPascal' to Microsoft 
QuickC translator program. 

And to make QuickC even more 
irresistible, how does a 30 day money- 

back guarantee 
grab you? 
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WHAT'S NEW 


Watch My (AC) Line 


he slings and arrows of 

outrageous AC power can 
play havoc with your valuable 
computer equipment. And 
since information is power, 
the Tasco AC Monitor will give 
you the power to know all 
about what's coming out of the 
outlets on your wall. 

The AC Monitor plugs into 
any AC outlet and has a con- 
sole that displays a number of 
present and past conditions. 
There's a readout of your 
current voltage in S-volt incre- 
ments, lights that lock on 
when voltage goes above 135 
volts or below 105 volts, a 
light that shows if a high-volt- 
age spike has occurred, and a 
power-failure light. 

Used regularly, the AC 
Monitor may tell you more than 
you want to know about your 
local utility company and the 
possibility of computer 
damage. 

Price: $138. 

Contact: Tasco Ltd., 2875 
West Oxford Ave., Suite 5, 
Englewood, CO 80110, (303) 
762-9952, 

Inquiry 769. 


Matchbook-Size 1/0 


М nto a package that теа- 
sures 15 by 2 by X inches, 
the Tattletale Model V 
squeezes 11 10-bit A/D chan- 
nels, 17 individually pro- 
grammabie digital 1/0 lines, a 
UART (universal asynchro- 
nous receiver/transmitter), and 
28K bytes of RAM. The 


A LITTLE MAC MUSIC 


pple Computer now 
has a MIDI device for 
connecting the company's 
computers to electronic mu- 
sical instruments. The di- 
minutive unit—measuring 3 
by 2 by 14 inches—is aimed 
at professional musicians 
and educational institutions. 

The Apple MIDI Inter- 
face doesn't need a separate 


unit's 16-bit converter сап 
sample and store all 11 chan- 
nels at 100 Hz. 

The Tattletale needs a bat- 
tery-supply voltage of between 
6.5 and 15 volts. If you're 
using it for a typical application 
with an external current drain 
of about 3 milliamperes, you 
can expect about a 5-day bat- 
tery life from a 9-volt alkaline 
battery, or 20 days from six 
AA cells. 

If you're familiar with 
BASIC, you can connect the 
Tattletale Model V to a com- 
puter or terminal and start de- 
veloping applications imme- 
diately. The board's built-in 
TTBASIC operating system 
has special functions for data 
storage and retrieval, analog 
and digital I/O, and timekeep- 
ing and synchronization. 
There's also an in-line symbol- 
ic assembler for developing 
speed-critical subroutines. 
Price: $395. 

Contact: Onset Computer 
Corp., 199 Main St., Р.О. Box 
1030, North Falmouth, MA 
02556, (617) 563-2267. 
Inquiry 779. 


Tatrletale Model V communicates with the real world. 


power supply, and you can 
connect it to any model 
Macintosh or Apple IIGS 
compuler using the com- 
puter's modem port. The 
device has one 8-pin DIN 
connector that attaches to 
the computer and two MIDI 
connectors: a MIDI-in plug 
and a MIDI-out plug. 
According to the com- 


sore ie м Bypasses 
Mac Peripheral 
Problems 


f you own an old-style 

(pre-II/SE) Macintosh, you 
don't need to feel left out by 
the blizzard of new accessories 
available for the Apple Desk- 
top Bus (ADB). At the same 
time, if you have a Macintosh 
П or SE, you don't need to 
consign your old accessories 
to the trash heap. 

solutions to both of these 
problems соте in the form of a 
product called ADBridge, a 
hardware interface that works 
both ways. If you're a Mac 
512E or Plus owner, you can 
use the new Apple Desktop 
Bus mice and new keyboard 
(including the Apple Ex- 
tended). If you own a Mac SE 
or Mac П, you can connect 
older devices such as track- 
balls, tablets, and joysticks to 
your newer Apple computers. 

ADBridge has six connec- 
tions for input and output. If 
you're a Mac SE or Il owner, 
all you need to do is plug AD- 
Bridge into an ADB port and 
connect your peripherals. If 
you're a 512E or Plus owner, 
your setup will vary depending 
on what you want to do. 

The makers of ADBridge 
claim that it's fully compatible 
with all software applications 
and all input devices. It's 
shipped with a software util- 
ity that does automatic config- 
uration and lets older-ma- 
chine users address the 
additional function keys that 


pany, the Apple MIDI Inter- 
face is compatible with most 
MIDI software currently 
available for the Macintosh 
and Apple IIGS. 

Price: 599, | 
Contact: Apple Computer | 
Inc., 20525 Mariani Ave., 
Cupertino, CA 95014, (408) 
996-1010. 

Inquiry 773. 


are available on the new Apple 
keyboards. 

Price: $129. 

Contact: Olduvai Corp., 
7520 Red Rd., Suite A, South 
Miami, FL 33143, (305) 
665-4665. 

Inquiry 771. 


Switch to Your Heart's 
Content 


atton Electronics says its 

line of data switches аге à 
new breed that are simple to 
use and useful for complex 
applications. 

The Micro Matrix 
Swilches come in both 2- 
input/4-output (Model 24) 
and 4-input/4-output (Model 
44) versions. You can use the 
two models to connect two or 
four computers, respectively, 
to any combination of four 
printers, plotters, terminals, 
or modems. The switches are 
all electronic and have no 
moving parts. They use DB-25 
connectors and work with 
serial and parallel devices. 
You can switch any 4, 8, 

12, or 24 conductors on each 
connector, and the Micro 
Matrix switch can handle data 
rates up to 500 kilobits per 
second. The units handle volt- 
ages between +15 and —15 
V DC, and there's a momen- 
tary-power-loss indicator on 
the front panel. 
Price: Model 24, $345 to 
$595: Model 44, $495 to 5995. 
Contact: Patton Electronics 
Co., 7958 Cessna Ave., 


Gaithersburg, MD 20879, 
(301) 975-1000. 
Inquiry 772. 

continued 
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MS/DOS <640к »640K 
programs programs 

08/2 Ask Ashton- Yes, 

Tate first day _ 


Networking РС Nets PC, mini & 
only mainframe 


Memo be acing RERO 


THE LAST DBMS 


ONLY $199 


| 


Or Corporation, the world's 
fastest growing software 
company, has just climbed past 
Ashton-Tate to the world's 
largest supplier of database man- 
agement software and services.? 
Why? 

e Because ORACLE? runs on PCs, 
plus mainframes and minicom- 
puters from ІВМ, DEC, ГО, HP. 
Prime, Wang, Apollo, Sun, etc. — 
virtually every computer you have 
now or ever will have. Ashton-Tate's 
dBASE runs only on PCs. 

* Because ORACLE is a true dis- 
tributed DBMS that connects all 
your computers — PCs, minicom- 
puters and mainframes — into a 
single, unified computing and infor- 
mation resource. dBASE supports 
only primitive PC networking. 

* Because Oracle has supported 
the industry standard SQL language 
since 1979. Ashton-Tate promises 
to put SQL into dBASE sometime 
in the indefinite future. 

* Because ORACLE takes advan- 
tage of modern 286/386 PCs by 
letting you build larger-than-640K 
PC applications on MS/DOS today, 
and run them unchanged on OS/2, 
once OS/2 is available. dBASE treats 
today's 286/386 PCs and PS/2s like 
the now obsolete, original PC. 

Don't go down in flames. Bail out 
from dBASE. Call 1-800-ORACLEI 
and order your $199-PC copy of 
ORACLE? today. Or just ask and we'll 
send you information on ORACLE, 
the number one selling DBMS on 
minicomputers and mainframes. 


ORACLE” 


COMPATIBILITY © PORTABILITY о CONMÉCTABILITT 


Call 1-800-ORACLE1, 
ext. 149 today. 


Dear Oracle, 


PC ORDER PROCESSING 
Oracle Corporation 
20 Davis Drive е Belmont, CA 94002 


| want ORACLE to be THE LAST DBMS 
lor my 286/386 PC. Enclosed is my 

ГІ Check or C) VISA ГІ МСО AMEX 
credit card authorization for $199 
(California residents add 796 sales tax). 

| understand this сору is for PC develop- 
ment only. Offer valid only in the US 
and Canada. 


Print Name — Date 


Company 
Street РО Box numbers not acceptable) 


су 


| мп а value-added гєзєйєт VAR} C) YES. О МО 


WHAT'S NEW 


FORTRAN for the 386 


evelop programs with 

up to 16 megabytes and 
run them in protected mode 
on 386 systems with SVS FOR- 
TRAN-386 from Science Ap- 
plications International. SVS 
includes a native-code com- 
piler, a run-time (О system, а 
source-level debugger, and 
VM-RUN, which is a 386 run- 
time monitor. The p 
supports the Inte] 80287/ 
80387 and Weitek 1167 math 
coprocessors. 

Science Applications Inter- 
national reports thal SVS cuts 
the run ume of a typical pro- 
gram by at least half when 
compared to using a 16-bit 
compiler running under DOS 
or О$/2. 

The program supports 
FORTRAN 77 and incorpo- 
rates IEEE floating-point op- 
erations, including single- and 
double-precision and com- 
plex arithmetic. Compiler 
directives and command-line 
options let you compile appli- 
cations that use common, 
nonstandard FORTRAN con- 
ventions. The debugger lets 
you examine source code, ac- 
cess and modify variables by 
symbolic names, set break- 
points and tracepoints, and 
view the traceback 
environment. 

Price: $895. 

Contact: Science Applica- 
tions International Corp., 5150 
E! Camino Real, Suite C-31, 
Los Altos, CA 94022, (415) 
960-3322. 


Inquiry 774. 


Low-Cost Prolog 
on the Amiga 


NH Prolog, ported from 

the VAX-11/780 to Sun 
workstations and the IBM 
PC, is now running on the 
Amiga. The UNH Prolog in- 
terpreter is based upon the 
Edinburgh standard with ex- 
tensions, including real num- 
bers. It supports aver 100 
built-in predicates, including 
predicates for debugging and 
tracing. 

To mn UNH Prolog. you 
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GEOS GOES APPLE 


E erkeley Softworks has 
ported GEOS (graphi- 
cal-environment operating 
system), originally devel- 
oped for the Commodore 64 
and 128, over to the Apple 
II. This development pro- 
vides a graphical interface 
and operating environment 
for the Apple Пе, Пс, and 
IIGS. 

The 


system desktop has 
one Clipboard for text and 
one for images. It also orga- 
nizes folders on pages, with 
eight to a page. Also in- 
cluded are geoPaint, geo- 


need an Amiga with at least 
512K bytes of RAM, al- 
though at least ] megabyte 

is recommended. 

Price: $75. 

Contact: The Department of 
Computer Science, University 
of New Hampshire, Durham, 
NH 03824, (603) 862-3778. 
Inquiry 775. 


А FORTRAN Tool 
for Every Purpose 


ORTRAN BASIC Util- 

ities contains two libraries 
of tools that provide a 
BASIC-like function for 
screens or interface control. 
Each tool is also CodeView- 
compatible. 

One library is assembled 
for CodeView, and one is 
without debugging capabili- 
ties. The program includes a 
set of test programs and 
source code. 

To run the FORTRAN 
BASIC Utilities, you need an 
IBM PC or compatible, DOS 
3.0 or higher, and Microsoft 
FORTRAN 4.0. The com- 
pany says that you don't need 
an assembler. 

Price: $49.95. 

Contact: Silver State Soft- 
ware, 1000 East William St., 
Suite 100, Carson City, NV 
89701, (702) 855-8922. 
Inquiry 776. 


Write, and geoSpell: geo- 
Paint is a MacPaint-like 
program; geoWrite is a 
WYSIWYG (what you see is 
what you get) word proces- 
sor; and geoSpell is a 
28,000-word dictionary and 
spelling checker. Other util- 
ities and programs include a 
conversion utility for access- 
ing word-processing files, a 
Laser Writer/PostScript 
printer driver, and desktop 
accessories including a cal- 
culator, notepad, alarm 
clock, and disk organizer. 
Berkeley Softworks re- 


Copernicus Does DOS 


opernicus is a know]- 

edge-engineering tool, ac- 
cording to Tecknowledge, 
and it has its own programming 
language and hooks for high- 
level languages. The knowl- 
edge system, previously run 
only on mainframes and work- 
stations, is now available in a 
DOS version. It runs under 
Microsoft Windows on an 
80286 or 80386 system and in- 
cludes a DOS extender that 
lets you execute in protected 
mode. 
Price: About $12,000. 
Contact: Tecknowledge, 
1850 Embarcadero Rd., P.O. 
Box 10119, Palo Alto, CA 
94303, (415) 424-0500. 
Inquiry 777. 


Find Those Files 


xecloc is a utility that 
helps you find MS-DOS 
.EXE files. According to Vir- 
tual Software, the program re- 
locates all the segments as 
needed to within the 8088/8086 
|-megabyte memory map. 
And it’s not limited to locating 
just .EXE files, but can use 
any extension as it checks for a 
proper header signature in 
the file itself. 

You can operate Execloc 
from the command line or from 
menus. The program includes 
a binary-to-hexadecimal con- 
version utility. 


ports that it will release a 
database, spreadsheet, and 
programming utility later in 
the year. 

To run GEOS on an 
Apple II, you need an 80- 
column card and 128K bytes 
of RAM. The system is 
limited, at this time, to 
monochrome. 

Price: $129.95. 

Contact: Berkeley Soft- 
works, 2150 Shattuck Ave., 
Berkeley, CA 94704, (800) 
443-0100; in California, 
(415) 644-0883. 

Inquiry 780. 


Execloc runs on the IBM 
PC and compatibles with DOS 
3.0 or higher. The program is 
not copy-protected. 

Price: $29.95. 

Contact: Virtual Software, 
51 Oak Ave., Richmond Hill, 
Ontario, Canada LAC 6R5, 
(416) 881-7665. 

Inquiry 778. 


А SANE ҒОНТНАМ 
Compiler for the Mac Il 


anguage Systems Corp. 

reports that its FORTRAN 
compiler is the first FOR- 
TRAN implementation that 
fully supports Apple's SANE 
(Standard Apple Numeric En- 
vironment) floating-point 
routines. The compiler runs on 
the Mac П and also supports 
the full ANSI Standard FOR- 
TRAN 77 language, plus ex- 
tensions and engineering 
number formatting. 

Arrays can exceed 32K 
bytes, limited only by memory 
available, the company re- 
ports. Options let you accept 
Hollerith and other elements 
of FORTRAN 66 syntax and 
specify in-line 68881 object 
code. 

Price: $295 (includes the 
MPW shell). 

Contact: Language Systems 
Corp., 463 Carlisle Dr., 
Herndon, VA 22070, (703) 
478-0181. 

Inquiry 779. 


continued 


{ Will The Real 


| Please 
Stand Up 


It's easy to identify the leader in VGA resolution-just look 
to the company that brought you the first 800 x 600 EGA card. 


800 x 600 VGA with 256 Colors 


1024 x 768, too. Either way, Genoa's SuperVGA HiRes™ is 
the best way to see УСА. And your spreadsheets will look great, 
with 132 columns and 60 rows for your viewing pleasure. 


Crash-free Windows 


Yes, we do Windows-no problem. And SuperVGA HiRes 
is compatible with both the VGA PS/2 monitors and the 
EGA Multisync monitors, in VGÀ and EGA modes. 

So don't settle for inadequate imitations. Get the highest 
VGA performance at the best price, in true Genoa tradition. 

For the dealer nearest you, contact: Genoa Systems 
Corporation, 73 E. Trimble Road, San Jose, CA 95131 
FAX:408-434-0997 Telex: 172319 
Telephone: 408-432-9090 


Genoa 


SYSTEMS CORPORATION 


Genoa Systems Limited (U.K.) Tel: 01-720-5064 
© 1987 Genoa Systems Corporation. SuperVOA HiRes is a trademark ol Genoa Systems Curporatiun 
Windows is a trademark ot MicroSoft, Inc. Multisyne is a trademark of МЕС Home Elecironics. 


Circle 111 on Reader Service Card 


Data-Acquisition and 
Control Software 


C ontrol EG, an automa- 
tion program for measure- 
ment and control systems, 
works with systems with up to 
256 [/O points. Versions of 
the program are available for 
PC-based hardware from Ап- 
alog Devices and MetraByte. 

The program combines the 
features of data loggers, pro- 
grammable controllers, and 
closed-loop PID controllers. 

You can use Control EG to 
monitor analog and digital in- 
puts, and you can graph and 
log temperatures to disk in real 
time. The program automati- 
cally handles linearization 
and/or engineering unit con- 
version. You can use your own 
equations or use PID calcula- 
tions to set analog and digital 
outputs. You can define cal- 
culated points that are a mathe- 
matical function of other ana- 
log or digital inputs. Control 
EG lets you mix transcenden- 
tal functions, Boolean func- 
tions, alarm conditions, and 
historical values within the 
same formula. 

Displays include 16-сһап- 
nel bar graphs, scrolling his- 
tory, х,у cross-plot, annunci- 
ator, tag summary, operator, 
and sequencer status. 

Control EG runs on the 
IBM PC, XT, AT, and compat- 
ibles with two 360K-byte 
floppy disk drives or one flop- 
py drive and one hard disk 
drive. You also need at least 
512K bytes of RAM (640K is 
recommended). А CGA, EGA, 
or Hercules graphics board is 
required, along with DOS 3.0 
or higher. It supports the 


WHAT'S NEW 


Conirot EG 


Control EG automates measurement and control systems. 


Intel 8087 or 80287, though it 
does not require either. 

Price: $500. 

Contact: Quinn-Curtis, P.O. 
Box 10, Newton Center, MA 
02159, (617) 444-7721. 
Inquiry 781. 


Survey the Mac Way 


ogo Mac is a land-sur- 

veying program from 
Compuneering, the company 
previously known as Erez 
Anzel Software. Cogo Mac is 
not to be confused with Mac- 
Cogo, a geometric calcula- 
tion program from the same 
company. 

Cogo Mac lets you lay out 
теа] estate or other area plans 
and calculate area and eleva- 
tions. Information is displayed 
graphically and numerically 
when you enter it. You can use 
the mouse or keyboard to 
change or move points. Its cal- 
culations are precise to 15 
digits, the company reports. 


Cogo Mac is wrilten in 
MacAPP and is compatible 
with MultiFinder, Laser- 
Writers, and networks, accord- 
ing to Compuneering. It runs 
on Macs with 512K bytes of 
RAM and will make use of 
color on the Mac II. 

Price: $595. 

Contact: Compuneering 
Inc., 113 McCabe Crescent, 
Thornhill, Ontario 1.4] 256, 
Canada, (416) 738-4601. 
Inquiry 782. 


A Star Is Born 


TAR (structural testing, 

analysis, and reporting) is 
a set of four subprograms that 
work with Microsoft Windows 
in analyzing structures. The 
subprograms include a modal 
syslem, a structural-analysis 
system, a dynamics display sta- 
tion, and a computer-aided 
measurement-acquisition 
system. 

The modal program, STAR 


FINITE ELEMENT ANALYSIS ON THE MAC Il AND SE 


| acNeal-Schwendler, a 

leader in finite-ele- 
ment-analysis (FEA) soft- 
ware, has released version 
1.98 of MSC/pal for the 
Macintosh П and SE. The 
FEA method breaks a struc- 
ture into discrete elements 
that the computer can study 
for responses to stress, vi- 
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bration, and pressure. 

Running on the Mac II, 
version 1.98 lets you use up 
to 256 colors. On both the II 
and SE, you can make use of 
shaded contours and hidden- 
element plots. 

The company also an- 
nounced that a version of its 
new interactive modeler, 


MSC/mod, is in the works 
for the Macintosh. 

Price: MSC/pal 1.98, 
$1495; MSC/mod, $495. 
Contact: The MacNeal- 
Schwendler Corp., 815 
Colorado Blvd., Los Ange- 
les, CA 90041, (213) 259- 
3875. қ 

Inquiry 784. 
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Modal, integrates curve-fitting 
capabilities with the graphics 
of the display station and the 
data-acquisition capability of 
transferring and saving data ac- 
quired with the fast-Fourier- 
transform analyzer, STAR 
Test. 

The structural-analysis sys- 
tem, STAR Struct, integrates 
the modal-analysis capability 
of STAR Modal plus SDM 
(structural dynamics modifi- 
cations) and FRS (forced re- 
sponse simulation). With the 
structural-analysis system you 
can predict how the dynamic 
properties of a mechanical 
structure will be affected by 
mass, stiffness, and damping 
modifications. 

STAR View is the display 
Station that offers you graphics 
tools for viewing modal data 
from modal and finite-element 
sources. Its capabilities in- 
clude measurement display, 
real-time animated-mode 
shape display, and data 
handling. 

Тһе computer-aided mea- 
surement-acquisition system, 
STAR Test, includes the ca- 
pabilities of STAR View, plus 
the ability to transfer and save 
data acquired with an FFT ana- 
lyzer. All other STAR system 
products can access the data 
acquired with STAR Test. 

STAR uses vibration data 
acquired from a test structure 
as input, and it then identifies 
the modes of vibration of the 
structure from this data. The 
modes are displayed in a real- 
time, animated display. 

Microsoft Windows en- 
ables you to work in STAR and 
other applications simulta- 
neously by switching between 
windows. You can also cut 
and paste STAR graphics dis- 
plays or data tables into other 
Windows programs. 

STAR runs on the IBM PC 
AT and compatibles with at 
least 1 megabyte of RAM. It 
also runs on PS/2s. 

Price: $6500 to $20,000. 
Contact: Structural Measure- 
ment Systems Inc., 651 River 
Oaks Parkway, San Jose, CA 
95134, (408) 263-2200. 
Inquiry 783. 


continued 


The LOGITECH HiREZ Mouse— 
the only mouse expressly designed for 
high-resolution screens. 

With a resolution of 320 dots-per- 
inch (as compared with 200 dpi or less for 
ordinary mice), it covers the same area 
on your high-res screen, but needs less of 
your desk to do it. More than 50% less. 
Saving you valuable desk space, and 
effort: mouse maneuvers that used to 
require a sweep of the hand are now 
reduced to a flick of the wrist. 


Which makes this new mouse a 
һапа best friend. And a more reliable, 
long-lasting companion—fully compatible 
with all popular software, and equipped 
with a Lifetime Guarantee. 

Equipped, too, with other advantages 
exclusive to all Logitech mice: À unique 
lightweight ergonomic design. Low- 
angled buttons for maximum comfort 
and minimum fatigue. Àn exclusive tech- 
nology that guarantees a much greater life 
span. Ап exceptionally smooth-moving, 
dirt-resistant roller ball. And natural 
compatibility with all PCs, look-a- likes, 
and virtually any software. 

50 if you've got your eyes on a 
high-res screen, get your hands on the 
one mouse thats agile enough to keep 
up with it 

The LOGITECH HiREZ Mouse. 

For the dealer nearest you, call 800- 
231-7717 (800-552-8885 in California), 
or write Logitech, Inc., 6505 Kaiser Drive, 
Fremont, CA 94555. In Europe, call or 
write: Logitech Switzerland, European 
Headquarters, CH-111]1 RomaneUMorges, 
Switzerland (++41-21-869-9656). 


LOGITECH 


Circle 150 on Reader Service Card (Dealers: 151) 


NET. 
E". 


Though most mice out there look pretty 


much alike, they're not all equal in performance. 


It pays to be just a little choosy to make sure you 
end up with the right mouse for your needs. 

starting with software. If you want full com- 
patibility with all of your software, all you have to 
do is look for a mouse with the Logitech name. 
There are four in all, each one designed for dif- 
ferent hardware needs. 


THE HiREZ MOUSE 


If you've got your eyes on a high-resolution 


screen, the mouse to get your hand on is the new 


LOGITECH HiREZ 
Mouse. 

With a resolution of 
320 dots-per-inch (as 
compared with 200 dpi 
or less for ordinary mice), 
It covers the same arca 
on your high-res screen 
but needs less of your 
desk to do it. More than 
50% less. Saving vou 
valuable desk space, and 


The LOGITECH 
PARES Mouse needs | 


5086 less desk space 
to cover the міте 
aminini of screen 
area ал а 2H) din 
mouse, 
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Good тимот run in thes family (eft to might): the new LOCHTECH ИКЕ? 
Mouse ($179), the only mouse desired expressly for high res ereens; the LOGITECH 
Senes 2 Mouse for the ІВМ P5:2 (899, plum right mto mouse party; and the 
LOGILECH Mouse for standard screens (8179, m bus and serial verons) 

All come with Logitech & own Plus Software, which assures ease of use with 
луіне іу any software, moi-based or тий. 


effort: mouse ITLATITICUVCTS that used to require 
sweeps of the hand are now reduced to a flick of 
the wrist. 

Which makes this new mouse а hand's best 
friend. And a more reliable, long-lasting com- 
panion. And, like all Logitech mice, its fully 
compatible with all popular software, and 
equipped with a Lifeume Guarantee. 


THE SERIES 2 
MOUSE 


For those who've chosen 
the Personal 5ystem/27 the 
most logical choice ts the 
LOGITECH Series 2 
Mouse. Its 100%. compati- 
ble with PS/2, and plugs 
right into the mouse port, 
leaving the serial port {ree 
to accommodate other 
peripherals. 


THE ALL-PURPOSE MOUSE: 
SERIAL OR BUS 


Most people find our standard mouse is still 
the best choice for their systems. Its available in 


both bus and serial versions, one of which is sure  , Logitech тамыш plus Lagüech apblicalióm softeners өреді а completé solution (ай 


to fit perfectly with your hardware. And with all prices include mouse, Plus Software, and application): 
your favorite software —whether mouse-based LOGICADD, 9, о MUR а D re a 
"һай dentthatouly Loaiteth шткішіл, Every. experts lle produce pro. | риши. Creates fis іші 
Its hardly an accident that only Logitec n Ұй ee age phe: 
offers you such a complete select th Pn the mie Loir i erai capa TOGICADD ot и 
only mouse company to design and manufacture Sawing and CADD. make page layout easy. PUBLISHER documents. 
our own products. We make more mice, in fact, (800-552-8885 in California). Or fill out and mail 
than anyone else. Including custom-designed the coupon below to: Logitech, Inc., 6505 Kaiser 
models for OEMs like AT&T, DEC, and Drive, Fremont, CA 94555. In Europe, call or write: 
Hewlett-Packard. Logitech Switzerland, European Headquarters, 
The three mice pictured to the left come with all CH-1111 Romanel/Morges, Switzerland 


this expertise built rightin. Which capang | (++41-21-869-9656). 
an interesting paradox: while. м. 

you may pay less for a 
Logitech mouse, vou ll 
surely get more in- 
performance. 


— | ==. 


And in comfort, With a unique lightweight SS mc WE rine ao E a 


i : A Logitech, Inc., 6505 Kaiser Drive, Fremont, CA 94555. 

ergonomic design. Low-angled buttons for maxi- | Logitech Switzerland, European Headquarters, 
mum comfort and minimum fatigue. Ап exclusive | CH-1111 Romanel/Morges, Switzerland. 
technology that guarantees a much greater life | Yes! Please send me the name ofthe nearest Logitech dealer. | 
span. Ап exceptionally smooth-moving, dirt- | Name 
resistant roller ball. And natural compatibility with | 
all PCs, look-a-likes, and virtually any software. | / Title 

АП of which leads to an inescapable conclu- ine Address 


sion: if you want to end up with the right mouse, | 
start with the right mouse company. 


Logitech. We've got a mouse for whatever the 
task at hand. 15 | 


For the dealer nearest you, call 800-231-7717, L — — — — — — — — — = = — — — — — 


сы System/2 is a trademark of International Business Machines, memi 
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WHAT'S NEW 


ore 


A Schematic Design 
Program for $395 


apFast CF 1000 from 

Phase Three Logic de- 
signs printed-circuit boards 
and programmable-logic- 
device applications. The 
EGA-compatible program in- 
cludes a schematic editor, 
symbol editor, symbol library, 
netlist extractors, a parts-list 
program, and a plotting utility. 
The symbol library has over 
2000 parts in IEEE and ANSI 
formats. 

Phase Three Logic calls it 
an entry-level program, but it 
offers unlimited design levels 
with multiple-page schematic 
editing at any level, compre- 
hensive symbol-attribute han- 
dling, on-line electrical-rules 
checking, scalable vector text, 
split-screen capability, dy- 
namic panning, and keyboard 
macros. In addition, with its 
ASCII database, you can inte- 
grate files with other 
applications. 

CF 1000 runs on the IBM 
PC AT and PS/2s. 

Price: $395. 

Contact: Phase Three Logic 
Inc., P.O. Box 985, 
Hillsboro, OR 97123, (503) 
640-2422. 

Inguiry 785. 


Application Design 
and Modeling Program 


C-Proto II lets you build 

and change system models 
and create reports that can 
become the basis for specifica- 
tions. The program takes the 
completed model and extracts 
the design details, cross-ref- 
erences, source code, views for 
data modeling, and a data 
dictionary. 

System models are built 
from subsystems linked by a 
main menu and submenus. 
You can invoke and test each 
subsystem as a stand-alone 
system model. 

You can demonstrate the 
model without the data files, 
and the program also sup- 
ports sequential and keyed fie 


Entry-level schematic design with CF1000. 


processing. PC-Proto II sup- 
ports file inquiry and updates 
(insert, replace, and delete). 
The program includes a 
screen painter that supports 
Windows and fill screens, 
alpha and numeric editing, 
range checking, variable 
names, and date and time func- 
tions. The program's data- 
base manager supports hierar- 
chical and relational 
databases. А report writer en- 
ables you to print reports in 
external index sequence and to 
send reports to the printer. 
PC-Proto II runs on the 
ІВМ PC, XT, АТ, and compat- 
ibles with 640K bytes of 
RAM, DOS 2.0 or higher, and 
two floppy drives or a hard 
disk drive. 
Price: $1000. 
Contact: Kartech Data Ser- 
vices Inc., 165 Pinewood Ave., 
Toronto, Ontario M6C 2V6, 
Canada, (416) 656-2032. 
Inquiry 786. 


Acquire and Control 


Data with LabLog 


abLog works with the In- 

dustrial Computer Source 
ML-16, an analog and digital 
ЏО card. You can define data- 
acquisition and control pa- 
rameters by selecting from a 
menu. One selection presents 
a real-time trend line of up to 
three channels with an ani- 
mated bar graph of one se- 
lected point. Another display 


code provides four bar graphs 
for individual points. When 
channels are displayed, you can 
send data to disk or to a 

printer in either ASCII, binary, 
or a Lotus 1-2-3-compatible 
format. 

According to Industrial 
Computer Source, the board 
that LabLog works with of- 
fers 16 single-ended or 8 dif- 
ferential inputs multiplexing 
into a 10-microsecond, 8-bit 
A/D converter. It offers two 
8-bit analog output channels 
and eight digital I/O channels. 
Ап optional screw termina- 
tion board and interconnect 
cable are available. 

The software runs on the 
IBM PC, XT, AT, and compat- 
ibles with at least 256K bytes 
of RAM and a graphics 
adapter. 

Price: $100 (includes source 
code); ML-16 I/O card, $289; 
termination board and cable, 
$99. 

Contact: Industrial Com- 
puter Source, 5466 Complex 
St., Suite 208, San Diego, 

CA 92123, (619) 279-0084. 
Inquiry 787. 


Filtering Data 


EM Data Corp. added a 

digital filtering program 
to its series of data-acquisi- 
tion, storage, analysis, deci- 
sion-making, and filtering 
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software, which includes Snap- 
shot Storage Scope and Snap- 
Calc. 

Snap-Filter offers low- 
pass, high-pass, band-pass, 
and band-reject filters. You 
can specify them as FIR (finite 
impulse response) filters that 
produce a linear-phase re- 
sponse, thereby preserving 
the time relationship of differ- 
ent signal components. Or 
you can specify them as IRRs 
(infinite impulse response fil- 
ters), which emulate common 
analog filters such as Butter- 
worth and Chebyshev, accord- 
ing to HEM. You can alsa 
specify low-pass filters as Han- 
ning moving-average-type fil- 
ters to smooth data. 

To run Snap-Filter, you 
need an IBM PC, XT, AT, or 
compatible with at least 256K 
bytes of RAM, 

Price: $395 for Snap-Filter 
(for current users of Snap- 
Calc); $1185 for entire 
series, 

Contact: HEM Data Corp., 
17025 Crescent Dr., South- 
field, MI 48076, (313) 
559-5607. 

Inquiry 788. 


Spectrometer Reading 


nteractive Microware's 

Spectrochart-PC works with 
ІМІ" Adlab-PC data-acquisi- 
tion board in recording and an- 
alyzing voltage signals from 
the recorder output of any 
spectrometer. А method file 
controls data acquisition and 
the analysis according to your 
protocols. You can also ana- 
lyze ASCII data files from 
any source. Апа you can send 
data and results as ASCII 
files for use with other 


rograms. 
Spectrochart runs on IBM 
PS/2s. 
Price: $595. 
Contact: Interactive 
Microware Inc., P.O. Box 139, 
State College, PA 16804, 
(814) 238-8294. 
Inquiry 789. 
continued 
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FULLY OVERLOAD 


PROTECTED 

TRANSISTOR 

TESTER 

9 FUNCTIONS 

34 RANGES 
DC VOLTAGE ТО 
1000 VOLTS 

CONDUCTANCE 

TESTER ADDS 

VERSATILITY AC/DC CURRENT 
200.4 to 10А 

TURE 
epa aly CAPACITANCE 
2000 F TESTER 


2000рҒ lo 20,.F 
ч... a. “со > уз 


ж = YEAR REPLACEMENT WARRANTY 
* 30 DAY MONEY BACK GUARANTEE 
* TOLL FREE TECHNICAL SUPPORT 

* NEXT DAY AIR SHIP AVAILABLE 


MODEL 2000 $389.95 
20 MHz DUAL TRACE OSCILLOSCOPE 


Model 2000 makes frequency calculation and phase 
measurement quick and easy, The component tester 
aids in lasi Iroubleshoating Service technicians appre- 
ciate tha TV Syne circuits for air AM and TV-H and 
accurate v) idle ес of the v signal, Blanking, 
VITS, and V/H sync pulses. 

* Exceptionally bright 5" CRT 

е Built-in component tester 

* TV Syne HUM — 
* X-Yoperabon * 110/220 volts OR 


MODEL 3500 $499.95 = 
35 MHz DUAL TRACE OSCILLOSCOP 


Wide bandwidih and exceptional 1mV/DIV sensitivity " | 
make ihe Modei 3500 a powertul diagnostic too! for 
engineers or technicians at a remarkabie price. Delayed жтт 
inggenng allows any portion of а wavelorm to be т 
олай and expanded for closer inspection. Variable 
Holdall aiie stable viewing 01 complex waveltorma. 


= Excepbonaly bright 5° CAT 


# | 
! A 


о 9.4%. 
РҮ 1 = 58 = 5, 
к= 
ә * aq" 
Wl à чела е 
m & 


| = ae TE) 
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Thus full tunction 3.5 digit DMM offers highly accurate performance and 2 host 
ol added features to hélp you do the job—fast. Capacitance. transistor. iem- 
perature, conductance and audible continuity in addition to the ranges you'd 
expect from a DMM of this quality. La probe, test leads and nanay 
inctuded. Input impedance: 10M ohm, Basic DC 

Approx. 7" x 3'z^x 134" Wt. 1312 ozs. 


accuracy: plus. minus 0.25 


DPM-1000 $54.95 
3.5 DIGIT PROBE TYPE ОММ 


Custom BO pin LSI chip provides accuracy and reliability 
in such a compact size. Autoranging, audible continuity 
and data bold feature help you pinpoint the problem 
Quickly. Case and batteries included. 


* Basic DC accuracy plus; minus 1% 

* DC voltage 2v- 500v, autoranging 

* AC voltage: 2v- 500v, Autoranging 

* Resstance: 2k ohms- 2M ohms, autoangag 
a Fully ovor-ioBd protected 

* npu mpeedance. 11M ohm 

* Approx 6 x Y x a" Under 3 ozs. 


DMM-200 $49.95 
3.5 DIGIT FULL FUNCTION DMM 


Get highly accurate performance at a very affordable 
price. Hugged construction, 20 amp current capability 
and 22 ranges make и a perfect choice for serious field 
orbench work Lobattery indicator and tilt-stand. Probes 
and 2000 hour battery inciuded. 


* BascDCaccuracy pius or minus 0.25% 

* DC voltage: 200птұ- 1000V. 5 ranges 

* AC voltage 200mv-750V, 5 ranges 

* Resistance. 200 ohms- 20M ohms, 6 rangos 
* ACDC current: 200р А-20А, 6 ranges 

* Input impedance. 10M ohm 

* Fully overioad protected 

е Approx 7x J^ x 12^ WIL И ozs. 


DMM-100 $29.95 
3.5 DIGIT POCKET SIZE DMM 


Perfect for the field service technician. Shirl pocket size 
without compromising features or accuracy Larga, easy 
to read 7^ LCD display. Fully overload protected for 
safety 2000 hour battery lile with standard Әу cell. Probes 
and battery includod. 


è Basic OC accuracy: plus/minus 0 55. 

* DC voltage: 2v- 1000У, 4 ranges 

® AC voltage: 200у-750у, 2 ranges 

* Resistance. 2k ohms-2M ohms, 4 ranges 


* Approx 5° х Э" х 1^ Under? or». 
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WHAT'S NEW 


SOFTWARE 


* BUSINESS 


Lotus Tunes 
Symphony and Jazz 


ymphony, the integrated 

business program for the 
IBM PC, now includes word- 
processing enhancements, new 
spreadsheet and database fea- 
tures, and bundled add-ins. 

Symphony 2.0's new 
word-processing features in- 
clude automatic word wrap 
and paragraph reformatting; 
accelerator keys for editing 
tasks such as deleting, insert- 
ing, and moving blocks of 
text; and a store-and-paste fa- 
cility that restores text if acci- 
dentally erased. 

The spreadsheet in version 
2.0 recalculates only cells af- 
fected by changes to the 
worksheet. The database man- 
agement forms in version 2.0 
support up to 256 fields. 

Bundled add-ins include 
Symphony Text Outliner, Sym- 
phony Spelling Checker, a 
network file-locking utility, 
and a VT-100 terminal 
emulator. 

Symphony 2.0 is not copy- 
protected and runs on the IBM 
PC with at least 384K bytes 
of RAM (512K bytes is neces- 
sary to run the spelling 
checker and other add-ins). 
The program is available on 
3'^- and 5'4-inch disks and 
runs on PS/2 Models 30, 50, 
and 60 with DOS 3.3. 

On the Macintosh front, 
Lotus is planning the release of 


Lotus announces Modern Jazz. 


Modern Jazz, an update of the 
Macintosh business package. 
The worksheet, graphics, 
database, word-processing, and 
communications capabilities 
are upgraded, and additions in- 
clude a command language, 
macros, and a new forms func- 
tion. In addition, Modern 

Jazz supports the 68020 math 
coprocessor, 68881 floating- 
point coprocessor, and SANE, 
Apple's numeric package. 

The Jazz function Hot View 
is expanded in Modern Jazz. It 
provides dynamic data inte- 
gration between worksheets, 
graphs, databases, forms, 
and word-processing 
documents. 

The Modern Jazz com- 
mand language is a library of 


WORDPERFECT FOR THE MAC 


ordPerfect Corp.'s 
Macintosh word pro- 
cessor takes full advantage 
of the mouse and Mac 
graphics interface. The Mac 
version of WordPerfect of- 
fers you all the keyboard 
functions of the IBM ver- 
sion, and you can access 
them from the keyboard or 
from pull-down menus. 
Keystroke equivalents ap- 
pear on-screen beside menu 
options to simplify keyboard 
access. 
Enhancements to the Mac 
version include the ability to 
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reconfigure the program 
without exiting. You can 
read in and edit graphics 
images and preview printed 
output on the screen. Unlike 
the IBM edition, you can see 
all fonts and other graphics- 
based text enhancements di- 
rectly on the screen. Text 
appears in all fonts, sizes, 
and styles that the Mac sup- 
ports. You can also have an 
unlimited number of docu- 
ments open at any one time. 
You can also read in Word- 
Perfect files from Apple II, 
Amiga, Atari, IBM, VAX, 


MEA. L2. 


more than 200 macro 
commands. 

Other benefits of Modern 
Jazz include the ability to ad- 
dress all available RAM and 
to share information with IBM 
PCs as it reads and writes Lo- 
tus 1-2-3, Symphony, Micro- 
soft SYLK, and ASCII files. 

Modern Jazz runs on the 
Mac Plus, SE, or II. An 800K- 
byte floppy disk drive and a 
hard disk drive are 
recommended. 

Price: Symphony 2.0, $695; 
Modern Jazz, $395. 

Contact: Lotus Development 
Corp., 55 Cambridge Parkway, 
Cambridge, MA 02142, 

(617) 577-8500. 

Inquiry 799. 


and Data General machines. 
Other features include a 
115,000-word spelling 
checker, the ability to have 
up to 24 columns, automatic 
text formatting and table-of- 
contents creation, and a 
macro capability. Thesau- 
rus and merge facilities are 
also standard WordPerfect 
features. 
Price: $395. 
Contact: WordPerfect 
Corp., 288 West Center St., 
Orem, UT 84057, (801) 
225-5000. 
Inquiry 792. 


WYSIWYG 
Spreadsheet 


nnovative Software calis 

Wingz the first WYSIWYG 
integrated spreadsheet. It lets 
you generate numbers, text, 
charts, and graphs, and lay 
them out on a page. 

The spreadsheet features 
32,768 rows by 32,768 col- 
umns and offers over 180 
functions for business, scien- 
tific, financial, and general 
applications. 

The program has 21 chart 
types, a choice of 256 colors 
from a palette of 16 million, 
and three-dimensional rotation 
of images. You can pop up a 
graph by defining a block of 
numbers in the spreadsheet, 
and define the area where you 
want to place the graph. You 
can mix graph types, add text 
with the word processor, or 
use images you've scanned into 
the Mac. Innovative Software 
reports that Wingz has three 
times as many basic graph 
types as Excel. 

Wingz lets you use any 
type font, style, or size in a sin- 
gle cell. You can have as 
many as 256 custom style 
sheets attached to any one 
spreadsheet. 

Wingz also has its own 
programming language called 
Hypersheet that lets you 
create any number of new ap- 
plications as you need them. 
It offers an unlimited array of 
colors and type styles. 

The program reads and 
writes in WKS, WK1, SYLK, 
DIF, ASCII text, and 
SMART formats. 

To run Wingz, you need a 
Mac Plus, II, or SE. It makes 
full use of color displays on 
the Mac П. PostScript drivers 
will be incorporated into the 
final release of the program, 
scheduled for the second 
quarter of this year, according 
to Innovative Software. 

Price: Between $395 and 
$495. 

Contact: Innovative Software 
Inc., 9875 Widmer Rd., Len- 
exa, KS 66215, (913) 492- 
3800. 

Inquiry 791. 


continued 


Perfect matches to DEC user needs. Hip. Hip. And Hooray. 


One-size-fits-all is an attribute best reserved for inexpensive socks. In the 
realm of PC-based emulation and communications software for DEC mainframe 
v its important to match specific user needs with specific product attributes. 
We nave. 

Smarlerm® 240 features exact four-color emulation of a DEC? VT241 terminal. 
Along with delivering full-screen ReGIS* and Tektronix® 4010/4014 graphics. 
SmatTerm 240 offers precise VT220, VT1O2, VTIOO, and VT52 text emulation. 

For non-graphics applications, SmarTerm" 220 duplicates virtually every 
Ѕтайегт 240 text, communication, and ease-of-use feature. Three error-free file 
transfer protocols, including Kermit and Xmodem, are provided. Downloading 
minimizes on-line time requirements to boost overall system efficiency. And an 
optional network package allows direct LAN access to shared modems, printers, 
as well as host mainframes. 

As SmarTerm 240 and 220 focus on graphics and text, new S5martMOVE? makes 
PC-to-the-rest-of-the-World communications sharper than ever Speed connect, 
auto redial, and background file transfer features make this УТ100 emulator a loud 
and clear choice for advanced communications requirements. 

Graphics, text, and communications. If you're looking for a perfect fit, seek the 
software sized and priced to match your needs. Persoft has it. Period. 


persajr 


See us at COMDEX/Atlanta-East Hall 352, 
visit your dealer, or phone us at 608 273-6000. 


€. 1957 Peron bnc АЛ right песегуекі Perot Smaffermn and SmajtMCWE are registered trademarks of Persolt lnc DEC VT amd 
Reis аге trademarks of Digital Equipment Corporation е isa registered trademark of Tekiona tne 
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WHAT'S NEW 


SOFTWARE 


* OTHER 


Replacin 
COMMAND.COM 


С ommand Plus 2.0 re- 
places the COMMAND- 
.COM in DOS 2.0 and high- 
er. The new version includes 
enhanced DIR, COPY, and 
DEL, as well as a block-struc- 
tured batch-processing lan- 
guage that has a Pascal-like 
syntax. 

Command Pius 2.0 is com- 
patible with 3Com and Novell 
networks. It runs on the IBM 
PC, XT, AT, and compatibles 
with DOS 2.0 or higher, two 
floppy disk drives, and 50K 
bytes of RAM. It also runs on 
PS/2s. 

Price: $79.95. 

Contact: ESP Software Sys- 
terns Inc., 11965 Venice Blvd., 
Suite 309, Los Angeles, CA 
90066, (800) 992-4377; in 
California, (213) 390-7408. 
Inquiry 793. 


A төлене of Desktop- 
Publishing Utilities 


nner Media's four utilities, 

combined in one program 
called Collage, let you con- 
nect a variety of applications in 


SCRIPT Processing Language 


Command Plus 2.0 features a block-structured language. 


a PC-based desktop-publish- 
ing environment. 

Snap is a memory-resident 
utility that can save screens to 
graphics or text files without 
leaving the application you are 
in. If you save a screen toa 
graphics file, you can paste it 
into documents. И you save it 
to a text file, you can view or 
edit the screen using most 
standard text editors. The Snap 
graphics format (PCX) is 
compatible with PC Paintbrush 
and Publisher's Paintbrush. 


COMPUTERIZED DARKROOM FOR THE MAC 


ilicon Beach reports 
that Digital Darkroom 
is the first program that con- 
verts bit-mapped images to 
object-oriented graphics on 
the Mac, and the first in- 
stance of gray-scale bit maps 
being converted to objects 
on any personal computer. 
The program has image- 
enhancement features that 
let you adjust the brightness 
and contrast with slider con- 
trols, You can pass the 
image through filters that 
blur, sharpen, remove 
noise, and enhance edges. 
You can bring in bit-mapped 
images from paint programs 
ог scanners and use Auto- 
Trace to convert them into 
draw-based objects. The ob- 
jects you convert the images 
to, including Bézier curve 
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information, can be manipu- 
lated in draw programs. 

You can remap gray 
values to produce special ef- 
fects such as posterizing, 
equalizing, and inverting. 
You can get more precise ef- 
fects by manipulating gray 
values within a graph or a di- 
alog box. 

Tools such as the Magic 
Wand let you select a region 
according to the gray value 
by pointing and clicking. 
You can use the scissors 
tools for clipping and delet- 
ing portions of active selec- 
tions. You can paste selec- 
tions in front of an existing 
image, blend with it, or 
paste behind it. 

Digital Darkroom im- 
ports and exporis files in 
PICT, PICT-2, TIFF, Mac- 


You can also use Snap with 
Windows and GEM applica- 
tions, AutoCAD, Lotus 1-2-3, 
Framework, and other en- 
vironments. 

The Show utility displays 
РСХ files in color so you can 
view one or more graphics 
screens that you saved with 
Snap or other graphics 
programs. 

Smooth is a file-reading 
tool thal scrolls text forward 
and backward. 

The MultiLine utility lets 


paint, SuperPaint, and 
Thunderscan formats. You 
can also export in the EPS or 
Adobe Illustrator file for- 
mat. The program converts 
1-bit-deep black-and-white 
Paint files or multiple-bit 
gray-scale TIFF files to 
7-bit gray-scale images. You 
can also print halftones on 
PostScript printers by speci- 
fying screen angles, resolu- 
tion, and screen patterns. 
The program runs on the 
Mac 512, Plus, SE, or II. А 
Mac П is recommended for 
gray-scale viewing. 
Price: $295. 
Contact: Silicon Beach 
Software, 9770 Carroll Cen- 
ter Rd., Suite J, P.O. Box 
261430, San Diego, CA 
92126, (619) 695-6956. 
Inquiry 796. 


уон select the number of lines 
of text you want displayed. 
When using an EGA or com- 
patible display adapter, you 
can choose from 16, 25, 35, 
43, or 50 lines per screen; 
using a УСА adapter or a PS/2 
system, you can choose from 
16, 25, 36, 44, or 50 lines per 
screen. 

Collage runs on the IBM 
PC, XT, AT, and compatibles 
with at least 256K bytes of 
RAM, an EGA or VGA, and 
DOS 2.0 or higher. It also 
runs on Р8/25. Inner Media 
recommends 640K bytes of 
RAM and a hard disk drive. 
Price: $89.95. 

Contact: Inner Media Inc., 
60 Plain Rd., Hollis, NH 
03049, (603) 465-3216. 
Inquiry 794, 


See the Music 


$ you play notes on a 

MIDI keyboard, Coda's 
program Finale automatically 
transcribes them to the screen 
or printer in standard nota- 
tion. Coda says that built-in 
transcription and notation in- 
telligence let you manipulate 
music data. You can play in 
апу tempo, and the program 
uses a proprietary "time tag- 
ging" method to print notes in 
the proper time signature and 
cleft. 

Finale handies complex 
time signatures and binding of 
lyric syllables to notes, ac- 
cording to Coda. It also fea- 
tures automatic placement of 
hyphens, knowledge of triplets 
and tuplets, reverse stem- 
ming, cross-staff stemming and 
beaming, angled beaming, 
and custom stemming and 
beaming. 

The program runs on the 
Mac and the IBM PC, XT, AT, 
and compatibles with at least 
1 megabyte of RAM. 

Price: $795. 

Contact: Coda Music Soft- 
ware, 1401 East 79th St., 
Bloomington, MN 55420, 
(612) 854-1288. 

Inquiry 795. 


= ЯМ 
Boldly Goes Where 
NO LAN 
Has Gone 
Before... 


.. into networking environments 
needing a fast and powerful network 
that is easy to use. compatible with 
NETBIOS and DOS 3.1-based 
applications, requires minimal 
memory and is inexpensive. 

Low Memory Requirements 


Warp Speed Communications LANtastic’s network operating system is the 
LXNtastic's fast transmission rate of 2.0 megabits smallest NOS available, requiring less than 40K on 
per second and efficient NEFBIOS processing aServerand 10K on a Node. LANtastic NOS offers 
means data gets delivered to your programs faster. DOS 3.1 record and file locking. peer-to-peer 
And because each LANtastic adapter contains а networking. powerful access 
powerful 10MHz network coprocessor that control, audit trails. print spooling 
handles all network traffic. | and electronic mail. No 3550 
your computer can he working | extended memory boards are North 
foryou and not for Starter Kit 5399 necessary, you don't have to ім Avenue 
the network. * fwoadapters ң заған foot reformat your hard drive or Suite 430 
— * two-user cable dedicate a file server and vou сыш 

100% NETBIOS version of terminators can be networking in 20-30 Торна 
Co тра ility LANtastic NOS minutes includiny installation се ақты 
The NETRIOS мапдага к AdditionalAdaper $199 es ' Fan: 
completely implemented by the 1 Complete Network 

hae ме NET : SM | 602-293-8065 
LANtastic adapter. NETBIOS m | $295 сір , | 
compatibility allows you to VOS License = do PacRage 
choose from many different 3-120 users LANtastic provides fast network 
network operating systems, | hardware, rcal peer-to-peer 
gateways, micro-to-mainframe links and network network software. in onc package from one source. 
applications. LANtastic’s NETBIOS only requires You can try LXNtUüstic at no risk with our 30 Day 
2.5K of memory and delivers data two to six times Money-Back Guarantee. Order your LANtistic | | 
faster than other manufacturer's implementations. today? 602-293.6363 
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WHAT'S NEW 


Liquid-Crystal Shutter 
Printer Offers Laser 
Quality 


rystalPrint Series Ц uses 

liquid-crystal-shutter 
technology to provide a reso- 
lution of 300 dots per inch 
while printing 6 pages per 
minute. The printer features 
Hewlett-Packard LaserJet 
Plus emulation and includes 
512K bytes of RAM (expand- 
able to 1.5 megabytes). 

The printer is based on a 
Casio printer engine and uses 
fixed optics technology, 
which allows pixel sizes and 
light source/drum clearance 
to remain uniform across the 
entire line. The organic 
photoconductor drum prints 
up to 10,000 pages and is 
replaceable. 

Other CrystalPrint Series 
П features are Bitstream fonts 


REGIONAL SECTION 


PACIFIC COAST 


(up to 48 points in size), two 
font cartridge slots, a 100- 
sheet-capacity paper tray, and 
forms-overlay capability for 
automatic forms printing. 
Options include an upgrade 
that supports Hewlett-Pack- 
ard LaserJet Plus and Series П 
emulation in addition to fonts 
and an additional megabyte of 
memory; and cartridge-based 
command and font emulations 
for the Diablo 630, Epson 
FX-85, НР 7475A, and ІВМ 
ProPrinter Il. 

The CrystalPrint Series II 
measures 154 by 13% by 9 
inches. 

Price: $1995; Hewlett-Pack- 
ard LaserJet Plus and Series II 
emulation, $499. 

Contact: Data Technology 


Corp., 2551 Walsh Ave., Santa 


Clara, CA 95051, (408) 
727-8899. 
Inquiry 797. 
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Two New R:base 
Versions 


icrorim's R:base for 

DOS and R:base for 
О5/2 include Structured 
Query Language (SQL) com- 
mands and extensions based 


on IBM's DB2 system. Among 


the SQL Data Definition Lan- 
guage (DDL) commands are 
Create Table, Create View, 
Select, Update, Delete, In- 
sert, Declare, and Fetch. 
You can also perform Group 
By, Order By, and Distinct 
options, and Sum, Average, 
Minimum, Maximum, and 
Count functions. 

Both new R:bases are writ- 
ten in C, but you can generate 
applications without pro- 


gramming via the Express Sys- 


tem. Developer's Express, a 
pseudocompiler, enables you 
to compress and encrypt 


code, so you can bypass the in- 
terpreter and run applications 
directly off the R:base engine. 

The programs provide 
password protection and Grant 
and Revoke commands that 
enable a LAN administrator to 
designate database access 
privileges. Support is now pro- 
vided for Lotus/Intel/Micro- 
soft Expanded Memory Speci- 
fication. Among the LAN 
capabilities are simultaneous 
database or table access with 
automatic locking and simulta- 
neous record and item access 
with concurrency control, 

R:base for DOS supports 
up to three users; also available 
are the Network Six Pack, 
which supports six users, and 
the Network Unlimited ver- 
sion, which supports an un- 
limited number of users on a 
single LAN. 

continued 


A NEW WAY TO LOOK AT 
_ THE WEATHER 


Wonder what the weather holds? Ask your computer. With PC Weather 
. Pro, your IBM PC or compatible can have its own weather monitor- 
_ ing system... ready for viewing at the push of a button. 

\ Here's what you'll see: 
| L Wind speed and direction [_] Inside and outside temperature 
[2 Barometric pressure [ ] Wind chill factor 

0 Rainfall [ ] Present conditions and daily record 


| Look at these special features: 
C] Real time clock Г] — weather alarms 
О On board buzzer 


ә! %57500 


Technology Marketing Inc. 
4000 Kruse Way Place 2-120 
Lake Oswego, OR 97035 
1-800-247-5712 

[п Oregon 635-3966 
VISA/MC/AMEX Accepted 


On Site Service 


” 


Don't Just Buy a Computer 


Invest in a SF-286 


Basic System Features: 


30286 18 bit CPU, 512K RAM expandable to 
IMB, clock/calendar with БаЦегу backup, 195 
watt power supply, Maxiswitch keyboard (101 
«ey optional), 1.2MB floppy drive, Поррутага 
iisk controller, 80287 socket, В expansion 
slots, AMI BIOS, full manual, 48 hour burn-in 
'asting and а one year limited warranty. 


Complete System Packages 


B MHz 
10 МН? 


10 MHz (0 wa) 
12 MHz {0 wa) 
18 MHz (80386) 


Monographic System: 

Basic system features plus monographics card 
vith printer port and 12” amber monochrome 
nonitor with til/swilvel base. 


Super EGA System: 

Basic System бөлінген pua EGA deluxe 
jraphics card (640 x 480 and 752 x 410) and 
Mitsubishi Diarnond Scan Multisync monitor with 
itge base. 

"Other system packages are videte, cal for pose 


SF-286-8 MHz 
Super VGA Special $1649 


Зазіс System features plus: Everex EVGA 
jraphics board (640 x 480, up to 256 colors) 
and Mitsubishi Diamond Scan multisync 
топца with tiltiswivel. 


SEM: 1188 


Super EGA Bundle $599 
Everex EGA Deluxe auloewitch graphics board. 
640 x 480 and 752 x 410, 132 columna PLUS 
Mitsubishi Oiamond Scan with fill/swivel 


Super VGA Bundle $749 
Everex VGA G board, 640 х480 and 800 x 
600, 132 columns PLUS Mitsubishi Diamond scan 
with tilUewivel 

Monographics Bundle $139 


Monographics board with printer port PLUS 
Samsung amber monochrome monitor with 
tilt/ &wivel 


Hard Disk Drives 


Seagate 57225 20MB $275 
Seagate 57238 30MB $309 
раа оаа $399 
м 
и roo $499 
Seegate 4038 30MB (39 та) $499 
Miniscribe 3850 40MB (81 me) $359 
Seagate 57261 40MB (40 ms) $449 
Місгоройв 1335 71MB (28 та) $865 
Seagate 4098 GOMB (28 та) $899 


Everex Modems 


Everex Evercom hall card modem, 300/1200 baud, 
(чпу Hayes compatible and Bitcom software. 


External Pocket Modem $1 39 


Everex Evercom 
2400 baud modems 


Internal $1 79 External $1 ag 
Circle 476 on Reader Service Card 


Special 

Mini UO $55 
Serial Mouse fran $65 
180 Watt Power Supply $55 
Monographics board $79 
2MB EMS board w/OK $80 
3.5" 720K floppy/1.4MB Норру $119/$159 
EGA Deluxe Graphics board $139 
Evercom 2400 Int. modem for PS/2 $199 
Memory board tor Р5/2 $269 
Everex EVGA Graphics board $299 


WHAT'S NEW 


= = 


The programs run on the 
IBM PC and compatibles as 
well as the PS/2s. The single- 
user versions require DOS 2.0 
or higher and 512K bytes of 
RAM, the LAN versions re- 
quire DOS 3.1 or higher and 
640K bytes of RAM. Each also 
requires a hard disk drive or 
two 3%-inch floppy disk 


struments and sound effects. 
You can tune the keyboard's 
six eight-step envelopes; 
pitch, tone, and loudness enve- 
lopes are color-coded and 
drawn in eight colors in a 
1024- by 200-pixel area. You 
can display more than one en- 
velope at once. 

The program provides a 


PACIFIC COAST 


sounds. 


required. 
Price: $195, 


drives. Both 5'4- and 3!5- time display that's calibrated 762-0804. 
inch floppy disks are provided. from 4 milliseconds to 1000 Inquiry 799. 
Price: R:base for DOS, seconds and is scaled logarith- 


$725; Network Six Pack, $995; 
Network Unlimited, $2695; 
R:base for OS/2, $895, 
Contact: Microrim, 3925 
[591 Ave, NE, Redmond, WA 
98052, (206) 885-2000. 
Inquiry 798. 


C-Zar for the CZ: 
Power to Make Music 


-Zar is a music editor 


maintain a library with up to 
6000 sounds. 

Other C-Zar features in- 
clude line copying and detun- 
ing, key transpose, Кеу fol- 


mically. You can use the 
mouse to drag segments of an 
envelope around the screen. 


C-Zar runs оп the Amiga 
with 512K bytes of RAM and a 
MIDI. A Casio С2-101 or 
CZ-1000 keyboard is also 


Contact: Diemer Develop- 
ment, 12814 Landale St., Stu- 
dio City, CA 91604, (818) 


Neural Network Picks 
Up and Pigeonholes 


the Adaptive Resonance 
Network, a neural network 
that is designed for unsuper- 
vised recognition and classi- 
fication of arbitrary patterns. 


gramming system that can 
create and organize its own 
categories from patterns pre- 
sented to it. The program in- 
cludes ARI for binary signals 
and AR2 for analog signals. 
When AR/NET doesn't 
recognize an input, it either 
signals you or creates a new 
category for it; it can learn a 
pattern from only one expo- 
sure, The program's tolerance 
of small variances is directly 
proportional to the pattern's 
complexity. You can also 
manually set the amount of 


The program also enables you Patterns error that will be tolerated. 
to record sequences and auto- AR/NET runs on the IBM 
matically play them back, and R/NET is a version of PC AT and compatibles with 


DOS 2.1 or higher, 512K 
bytes of RAM, and an ANZA 
Neurocomputing Copro- 
cessor Board. 

Price: $600. 


low, pitch bend, vibrato, When used with the ANZA Contact: Hecht-Nielsen 
modulation, portamento, and Neurocomputing Coprocessor | Neurocomputer Corp., 5893 
waveform selection, Eight pro- System (which is required to Oberlin Dr., San Diego, CA 


and librarian for the Casio 
С2-101 and CZ-1000 key- 
boards. Tt provides over 200 in- 


Я5-232С TO Н5-422А 


CONVERTER 
Converter allows your 
AS-292C aquipment to i 
| communicate with devices that «аг 
use ће AS-422A standard inter — 
face. The RS-422A standard uses 
balanced differential signals, which allows communica- 
tions to take place on cable lengths up to 4, 000 feet. Теп 
recenvers can be connected 10 any one driver for use in 
multi-drop systems, 

Converter uses male DB25P connector for RS-232C 
interface; female 08255 connector for R5-422A 

interlace. The RS-232C Transmit Data 15 converted 10 
| RS-422A and the RS-422A Receive Dala is converted 10 
RS-232C. No handshake lines are connected. Requires 
12 volls DC at about 100 ma., an optional power supply 
is available. 
Model422CON — RS-232CtoRS-A22A Converter $49.95 
Model422P8 Power Supply for Converter 14.95 
| Also available is a version of the RS-422A Converler 

with a female 0825$ connector for the RS-232C interface, 
and a male 08252 connector for the Н5-422А interface. 


Model422COR — fieversed Converter $49.95 


RS-422A TO CURRENT 


LOOP CONVERTER < 
Model 422CL i5 a bi-direct- 
ional, optically isolated bv: 
RS-422A10 Current Loop Con- 
verter One channel accepts 
RS-422A dala and outputs current loop; on 
channel accepts current loop dala and outputs Н5-422А 
The converter uses a male DB25P connector for Ihe 
current loop interface and a 'emale DB25S connector for 
the RS-422A interlace. The unit requires 12 Volts DC al 
about 100ma, An ophonat rsupply Model 422PS is 
available 16 power the R5-4224 side of the isolators. 


| Mode 422CL 83-422 to Current Loop 
Model422PS Power Supply for Converter 
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grammable tone mixes are 
provided in every bank of 


$44.95 
14.95 


“BUY DIRECT FROM 


MANUFACTURER AND SAVE” 


NEW! 4 CHANNEL 
Н5-232С TO RS-422A 


CONVERTER 
| bie with the New 

Р interface Standard 
Mode! 422CFC 15 a four channel version of our popular 
two channel 422CON. Convers Transmit Data and 
Request-To-Send гот RS-232C to В5-422А. Also 
converts Receive Data and Clear-To-Send from RS-422A 
to Я5-232С. The RS-232C conneclion is a male DB25P 
connector. The RS-422A connection is a lemale DB255 
connector which also conlorms ta Ihe new RS-530 
interface standard | 

Requires 12 Volts DC at aboul 100ma., an optional 

power supply is available. 


Model 4Z2CFC  4ChannelRS-422AConverter $69.95 
Model422PS Ромы Supply for Converter 14.95 


Se, NEW! 8 CHANNEL 
Жм 85-232 ТО RS-422 


CONVERTER 
Compatible with the New 
RS-530 Interface Standard 


EA 
n^ (A 


Converter supports Eight Channels of Н5-2320 to 


a AEG NOS К 

; ,an signals. The 

RSPB port i a BCE 55 берчү 
а 


interface (pin 27 | 
using в lemale DB25S connector. The Н5-422А роп is 
ОТЕ interlace (pins 2 and 14 (TO ABB) are op MER 
a male DB25P connector thal follows the new 
inledace slandard 
This Eight Channel Converter will opami atany voltage 
from 10 10 30 volts DC, draws aboul t00ma. Optional 12 


Volt DC power supply available 
Model422CEC &Channel RS-422A Converter $99.95 
Model422PS Optional 12 Yoh OC Power Supply 14.95 


run the program), it enables 
you to construct a self-pro- 


92121, (619) 546-8877. 
Inquiry 800. 


NEW! 


P. RECEIVE ONLY 
T RS-422 TO AS-232 
bbs CONVERTER 

One channel R§-4224 To AS-292C Converter can be used 
with receive only devices, such as printers inpuls 
Н5-422А signals on lemale 08255 connector, converts il 
lo В$-232С: outputs it on the male DB25P conneclor, pin 
3. On the R3-232 connector, pin 4 15 ики to pin 5, 
and ріп 6 is jumpered lo pins 8 and 20. 

Converter 15 sell-powered from the RS-232C port; 
requires thal pin 2 De low and pin d or pin 20 be high to 
operale 


Model422CRS — RS-422A To RS-232C Converter. $24.95 


Also available is a reversed version of Ihe converter 
with а femate DB25S RS-232C connector and a maie 


DB25P В5-422А conneclot. 
Model 422CRSR Reversed Converter $24.95 
“SAME DAY SHIPMENT 
DIRECT FROM THE MANUFACTURER, 
B&B ELECTRONICS" 


"MONEY-BACK 
GUARANTEE" 


-— inom B&B Electronics 
B-B electronics 
MANUFACTURING СОМҒАМҰ 


15240 Boyce Memorial Drive 
РО Box 1040 + Ottawa. IL 61350 
(815) 434-0846 
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EMGLISH SPEAKIMG (MO ICONS) 

FULL-SCREEM EDITING 

DYNAMIC ZOOM (4X or BX magnification) 
7^ J EXTENSIVE AIRBRUSH CONTROLS 


SMALL COMMAND (reduces files 50 to 907) 


Comma TK AUTOMATIC PAN (page mode) 

— “За — AUTOMATIC COLOR SMOOTHER MODE 

SOPHISTICATED SLIDE SHOW (u/dissolve-maker) 
XLATE UTILITY (translate betueen resolutions) 


и" —— 34 FONTS (with over 25 control combinations) 


One Picture Is Worth A Thousand Words! 


Step up to state-of-the-art in EGA graphics generation technology. Our 2005 version is not just 
another paint program or another version of the “same old thing; EGA PAINT 2005 is a 
complete restructuring of our 2001 program (itself the recipient of the PC TECH JOURNAL 
award for excellence in program design). We believe the end-user comes first and instead of 
merely patching on more features (as all the others do) we went to a whole new (much easier and 
faster) way to create truly startling business presentations & EGA color illustrations. Take 
another look at some of our features (some of which are available only on programs costing 


hundreds more) and decide for yourself. 


All this and more for just: 


Also available from RIX: $99.00 
EGA SCREEN ENHANCER ORDER NOW! 


This easy to install device enables older EGA cards to utilize in CA - (800) 233-5983 out CA (800) 345-9059 


EGA PAINT 2005 in 640x480 & 752x410 resolution modes. | 
Our ESE comes complete with a special test pattern diskette 
for only $49.95 (+ $5.00 for shipping and handling). | | 
18552 MacArthur Bl. Suite 375, Irvine, СА 92715 
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SURAH a computer company...Where Quality Counts . 


WHOLESALE outlet direct from factory 


the 386 orignate' 


16 MHz — 32 Bits — 80388CPU 
1Mb RAM on 2Mb board, expendable up to 1040 
1.2Mb Floppy with Floppy/Hard disk Controller 

2 Sera! & 2Рағыны Ports off Mother Board 

EGA adapter builtin on System Board, Supporta 
VGA 640x480 Graphics. 

CGA, MDA & Hercules emulation 

Standard 84 Keys AT Styla Keyboard 


52199 


SURAH 


IOM XT Campetble 
4.77/10 MHz — B Bits — 8088CPU 


258K RAM on 840K Mother Board 

Ona 380K Floppy Drive with Controller 
Baby AT Casa with Lock & LEDe 
Standard 84 Keys AT Style Keyboard 


RUN any. DataBase, CAD, Accounting, Desktop 
Pubtisning, Word Processing, Spread Sheet, Net 
Working and other Similar Programmes 


with 20Mb vis "aus $2690 
2 Мосе! ; 2 Floppy Drives $1270 
Mod 20Mb Hard Drive 11721 
44Mb Hard Drive 53890 


Cal! for "m г MODELS/upgrade options 


LOCATED in the Silicon Valley 


"I 
ЖКНЫН | rd Drive $3973 


о MAC Piu $1670 
Apple MAC SE with 20Mb HID $2712 
Appietlas $ 777 


Cali for other MODELS/up grade opti 


LOMPAR 


286 Deskpro m 
12MHz Model 1 $1925 


286 Portable Mode! 40 $4350 
386 Deskpro 204MH7 CALL 


Call for other MODELS/upgrade орполз 
F HEWLETT 
LA тИ 
HP Laserjet A 
Printer M Ш $1679 


HP Scanjet De skto cann er ©1152 
HP Graphic Plotter 7475A $1516 


Call tor other MODELS/ugpgrade options 


----ЕУЕНЕХ- 
286 AT 10MHZ $995 


Mode! 1800 
Microenhancer Video Card $125 
40Mb TAPE BACKUP CALL 


Call for other MODELS upgrade options 


Chicony 


Keyboard XT/AT 
with a CLICK 


101 KEYS ENHANCED 
Model KB5161 


$78 


Other Famous Brand 
PRINTERS, MONITORS, PERIPHERALS 
ADD-ON CARDS and SOFTWARE 
aiso available 


DEALERS-OEM-GOVERNMENT 
SCHOOLS * UNIVERSITIES & 


EXPORT 
INQUIRIES WELCOME 


фм ғыр ы ATI Бұғы WP Lus! Сотору бора Маси Рд 
mGS УІН ant deque iie e сасар сои 43 
мын TRL SUPPE ig Change — 
тыш) да enu ugs pond Ша ы Lol аала ИО 
anomaan ly Тубу ЗА 


„SURAH 


SERVES thousands of Satisited Customers 


gas _ = 
СА 


286 АТ 


ІВМ AT Compatible 
8/10 MHz - 16 Bits — 80286CPU 


512К RAM on 1024K Mother Board 
1.2Mb Floppy Drive with Controller 
TURBO & RESET Push Buttons 
CLICK AT Style Keyboard 


5842 


6/8/10/12 MHz 
SYSTEMS also AVAILABLE 


OTHER OPTIONS: 


5/12 MHz АТ Systeminstead of 6/10 MHz — . 
878/10/12 MHz (4 Speed) AT System 1/56/10 MHz 


| 20MbHandDrve(ST225)installalon ХТ ботс — . 


20Mb Hard Drive (ST225) installation AT 65ers 


| 40Mb Hard Drive (57451) забот АТ 407s . . из 


IBAK RAM Upgrade n 6А0К НАМ 150r 256 
512K RAM Upgrade in 1024K RAM 120ns ‚ $5 
1.2М0 additional Floppy rive. 225% 
380K addon opp Drie |2. . $70 


| WOU Keys AT Әуе Entenmed Кеухелі — $2 


@L/OUTPUT Card Multlunctior FC. CC, SP, РР, GP $ 61 
Monographic Card + 12” T&S Mono MONITOR АМ/СЯ . $135 
Celorgraphic Card + 14” RGB Color MONITOR , .., 3296 
PRINTER your Choice for LOW LOW Prices .. CALL 
Various Style Cases Avallable 

Front Paneis May Differ in Some Cases 


FULL 
WARRANTY 


VENE HN 
y? zemium 


286 Premium $1 425 


Model 80 
286 Premium Moda! 80 + 40MbHD SCALL 
386 Premium 20M H7 SCALL 


Call for olher MODELS/upgrade options 


! 48-Hour 
Burn. in Test. d 


PII 
Нь: ља чре 


OPEN З9кол їл арм. ӘӘ шь 
PHONE: тоц ree |800) 543-1001 
NOW кслиғоғма (415) 651-5101 

FAX: (415) 651-5241 
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4546! Fremont Blvd., Suite 59, Fremont, СА 94538 
Telex 5106017247 tab) SURAH UO 
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TCS 8000 


> MHZ, О WAIT - STATE 


COLOR MONITOR 
MODEL RES. 


ә СМ 1322N 640 X 200 
æ СМ 1370A 720 X 400 
e CM 1380F 640 X 350 
e СМ 1495 800 X 560 


MODEL 


MM 1222 
MM 1422 
MM 1295 


MEANS QU ALI 


TCS 4000 (6/10mHz) 


EQUIVALENT OF 5 EXPANSION SLOTS 


MONO MONITOR А TERMINAL 


ET - 10 SERIES 


800 X 350 
800 X 350 
800 X 560 


14” DARK - TINTED 
ANTI-GLARE FLAT CRT 
H10 (AMBER) 

H17 (PAPER/WHITE) 


Quality, others promise, we deliver. The fact 
we ve already delivered over 3,000,000 color 
monitors is the best proof. Tatung also 


| makes a full line of computers and 


peripherals. Our reputation for superb 


| quality is well known around the world. And 
| we deliver complete after sales service to vou. 


M 12$. 2$ 292222 Кг 


ж 


ж 
IM OMNISCAN 


хжжххкхкххх ж жы 


COMPATIBLIIT Y: 
ІВМ VGA"*, MCGA* 
PGA, EGA, CGA 
AT&T" PCs 

APPLE 198“ 
MACINTOSH 11"* 


147 Color Monitor : 
RES: 800 x 560 
4 MULTI-COLOR MODE 4 


12" Mono Monitor % 
RES: 800 x 560 * 


* ALL TRADEMARKS ARE PROPERTY ОҒ 
THEIR RESPECTIVE MANUFACTURERS 


жск RICCA OR 


Circle 480 on Reader Service Card kk ж ў tok к B AJ 


peat RIES ARE WEL ic. ATATU № edlen СА. 95131 


TATUNG SCIENCE & Torta Eon INC. 
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Converting Data 
isn't impractical 
anymore... 


Universal 
Stand-Alone Dual Drive System 


ow anyone can move Important data and costly software 
from 5'A" IBM-PC format to 52” PS/2 format without any 
hardware connections. 


You don't have to wire anything, program anything or understand 
anything about elther type of computer. Just install your 5'4” data 
diskette and a blank 572” diskette іп the Copi. Riter and press two 
buttons. it's that easy! 


The Сор! -Riter can also collect data from non-IBM systems with RS-252C 
or Parallel Interfaces and save it in ІВМ compatible format. Write or phone 
MECA today for specifications on the Copi«Riter and our other versatile 
storage devices. 


ALTEC ZIP-386 
$2,265 


* imet 80386 microprocessor 


8 
* Phoemx 386 BIOS or Award 386 BIOS 
" 4 speed (4 77/6/8/16 MHz) 
* 200W power supply 
* Case with te set button 
* Enhanced keyboard 
* Hard disk/floppy disk controller card 
* 12M floppy disk dive 
* Monochromas/Graphics 
Card with printer port 
* HERES Monochrome Monitor 
* User's manual 
* 1 year warranty 


ALTEC-XT Turbo System 
$ 575 


* 8088-1 microprocessor 
* 4.770 MHz 


= 
жн” 
— [= 
-— — 
= =| 
= 


Yucca Valley, CA 92284 
(619) 365-7686 


$1,135 


"п 80286-10 microprocessor 
> (M RAM 


* Dual speed 6/10 MHz 
* 200W power supply 
* AT style case 
* Enhanced keyboard 
* Hard disk/foppy disk controler card 
* 3 2M floppy dish drive 
* Monochrome/Graphics 
card with printer pori 
* HERES Monochrome Monitor 
* Users manual 
* 1 year warranty 


ALTEC-286|r System 
$1,095 


* intel 80286-10 microprocessor 
* [М RAM 


° 150W power supply : aac 
| Ан әт еті * AT style keyboard 
Zink Мар өз - Hard беку disk controlled 
р Қызы * Monochrome Graphics 
ШЇЇ ^ Rcg Marec ue мады EM oan 
БҮТ L ' rp a * HERES Monochrome Monilo 
қ * User's manual 
В " 4 ' MN pM eite 
com mm som ALTEC Technology Corporation Prem goed aan 
eere mamamana mon 5751 Rickenbacker Road, Los Angeles, CA 90040 “hace nent sm 
чыр – | Tel: 1-213-888-9100 EE тИ 
пионерна + - Order Desk: 1-800-255-9971 uw. 
Circle 465 on Reader Service Card 
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Now You Have A Friend 
In The Computer Business 


Authorized Autocad and Novell Dealer 
5 Good Reasons To Buy 


LAPTOP SPECIALS AST PREMIUM 286/386 


WYSE 286 System 
ZENITH 181/183-20 rti mes МИА арн ent 
$1579/ $2395 = p fall majoch rome буза 
ZENITH 8 - 1 1 9 
FLAT SCREEN $2195 jecit 
MONITOR AST product WYSE 386/ WYSE Terminals 
CALL 
Es LEADING EDGE COMPUTERS | ACER 710/910 SYSTEMS 
|. | (Formerly Multitech) 
TOSHIBA 1000 $795 -ʻa КҮҮ 
TOSHIBA 1200 $2395 a “ Iul mono system 
TOSHIBA 3100/20 $3099 we IN К! 
= === |М STOCK! 
TOSHIBA 5100 CALL | Model D ius Full Mono System Шылк 
МЕС Multispeed Е. $1595 1095 | 
NEC Multispeed 20MG $2435 Authorized Leading Edge Dealer Acer W6 machine 
We carry a full line of HP, IBM, Intel, Diconix products at best prices in town. 
SOFTWARE SPECIAL AUTHORIZED DEALER FOR Computown-Mountain View 
"epe $194 i Okidata 2455 M Old Middlefield Way 
A. Word. i: еби .... 209 Epson Computers & Printers NEC Mountain View, CA 94043 
Laus .... . M5 AST Canon 
Call for amy voltware— delivery in 24 hours Samsung Universal Data Systems (415) 962. TOWN 
PRINTER SPECIAL Zoni ДЫ. - (415) 962-8696 
$189 
Ее n Exo ы. so Wyse Computers Paradox (Ansa Software] 
Epson 1800/1000. ................... 369/499 АТӘТ мы 
Ee УНЫ ПИПС ем Bat Аана) Computown-San Francisco 
NEC Р6/Р7/200..................414/615/379 Leading Edge Ee чаре н Suite 219 
io 3 Computown Pleasant Hill San Franche, дүү 
NND Р/%...................... 
NEC 890 with Р/5................... 1725998 Реал Hill, СА 94523 (415) 956- TOWN 
(415) 682-8696 FAX (415) 989-TOWN 
We Sell, Deliver, Install, Service, & Train You _ È 
DES е. 


Em COMPUTOWN 


AQ prar» wiec w duse om spisie) тұйғын eee 
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SA E 15% 


on these new computer books and software from McGraw-Hill 


CALL TOLL-FREE 1-800-2- MCGRAW 


INTRODUCING PC-DOS AND MS-DOS 


By T. Sheldon. 374 pp., illus., softbound Find ош about 
the free advanced capabilities of DOS and how to use 
them. “Wonderfully enlightening . . . well-writlen . . . my pick 
for technical book of the year."—Online Review 056559-7. 
Regular Price: $18.95. Your Price: $16.10. 


INTRODUCING УМХ" SYSTEM V 


By R. Morgan & H. McGilton. 480 pp., illus., softbound 
Guides you step by step through the facilities, commands, 
utilittas, and applications of System V, AT&T's new version 
of the UNIX operating system. 043152-3. Regular Price: 
$19.95. Your Price: $16.95. 


UNIX" UTILITIES: 
А Programmer's Guide 


By A. S. Tare. 640 pp., illus., softbound Save time and 
effort with popular UNIX utilities! Helps you wnte efficient, 
bug-Íree programs and significantly reduce turnaround 
time. 062884-X. Regular Price: $24.95. Your Price: $21.20. 


HOW TO BE A SUCCESSFUL 
COMPUTER CONSULTANT 

By А. В. Simon. 256 рр., illus., softbound Everything you 
have to know to set up and run your own computer consul- 
tant (or software development) business, full- or part-time. 
No business experience required! 057296-8. Regular Price: 
$18.50. Your Price: $15.70. 


dBASE DEMYSTIFIED: dBase 11/111/111 
Plus™ Applications and Solutions to Real 
Problems 


By L. Barnes. 288 pp., 120 illus., softbound Covers the 
full range of dBase features and shows how to apply the 
various releases of dBase to real-world problems. 
003844-9. Regular Price: $19.95. Your Price: 516.95. 


BUILDING YOUR FIRST EXPERT 
SYSTEM 

By T. Nagy, D. Gault, & M. Nagy. 293 pp., book/disk (ІВМ 
РС and compatibles) How to easily create your own 
working expert system. A book/disk combination ideal for 
beginning programmers. 912673-1. Regular Price: $19.95. 
Your Price: $16.95. 


GETTING THE MOST OUT OF YOUR 
EPSON PRINTER 


By D. A. Kater & R. L. Kater. 224 pp., 170 illus., 
softbound Тһе A to Z of the popular Epson printer and 
how to make maximum use of it. Covers the full line. 
033385-8. Regular Price: $19.95. Your Price: $16.95. 
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dBASE Ш PLUS'" TRAIL GUIDE 
By H. Dickler. 350 pp., book/disk (IBM PC and compati- 


biles) Follow this step-by-step trail and learn dBase Ill 
Plus in one week! With valuable programs you can modify 
and use over and over again. 912709-6. Regular Price: 
$29.95. Your Price: $25.45. 


A COMPREHENSIVE GUIDE TO Al AND 
EXPERT SYSTEMS 


By Н. 1. Levine, D. E. Drang, & B. Edelson. 256 pp., 99 
illus., softbound All about artificial intelligence and how to 
utilize it on your personal computer. Gives you everything 
from basic concepts to sophisticated programming tech- 
niques. 037470-8. Regular Price: $19.95. Your Price: 
$16.95. 


MICRO-EXPERT 


By B. Thompson & W. Thompson. 74 pp., book/disk 
Become an instant expert with the world's most widely 
used expert system shell. Includes its own source code so 
you can tailor it to meet your needs. "Highly recom- 
mended."—Online Today IBM PC (and compatibles): 
852109-2. Apple || (all models): 852110-6. Apple Macintosh: 
852138-6. Regular Price (all versions): $49.95. 

Your Price: $42.45. 


For fast service call TOLL-FREE 
1-800-2-MCGRAW or use coupon below. 15-day 
examination period. 


ee er ee es ee lee Ee сИ] 


B. 
el 
"Mill. 


Please send me—at 15% off the regular price—the prod- 
ucts whose code numbers (the number before the regular 
price in above blurb) | have checked below. | understand I 
have 15 days for Нее examination before | send payment lor 
those producis І want to keep (plus postage. handling. and 
local lax) and return any unwanted products postpaid. 


McGraw-Hill Book Company 
PO. Box 400, Hightstown, NJ 08520 


O 056559-7 $16.10 [1003844-9 $16.95 [1037470-8 $16.95 
[1043152-3 $16.95 [1912673-1 $16.95 [)852109-2 $42.45 
[1062884-X $21.20 |1 033385-8 $16.95 (1852110-5 $42.45 
Г1057296-8 $15.70 [1912709-6 $25.45 [1852138-6 $42.45 
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|; Ё | MODEL 


_ LEADING EDGE A 


EQUITY 1+ 
Ea © 360K 

* 20 Meg Hard Disk 

» 640K Ram 

в Serial/Parallel Port 

2 Monochrome Card 

* Monochrome Monitor 

• MS 005 

» GW Basic 
a 1.2 Meg Floppy 
> БепшРагше 
fd Iris . EQUITY ШҮ, ALL Configurations In Stock! 
cao d e MET NEW IMS Bernoulli Dual Speed 
= ow к * DOS 3.2 Mono Monitor MODEL 0” IS А REGISTERED TRADEMARK 
ш ander v provide e bes service & Graphic Card QF LEADING EDGE PRODUCTS, INC. 
patras (еч юм - location. $2595 Authonzed Dealer Service Center 


LOMPAa 


Desk Pro 20 meg. ................. 1495 PS/2 model 30/20 me 
2875 


PS/2 model 80/40 me 


Portable ill 40 meg/20 MHz 
MONITOR 


CARD & MONITOR EXTRA XTRA 


TOSHIBA 
NEC 


CITIZEN 


PRINCETON GRAPHICS 
WE STOCK OKIDATA SONY 


№ 
NOVELL 


Authorized Dealer 
Netware 


AST 


AST 286 modei 80 
AST 286 model 120 
AST 286 model 140 


HARD rice 


Seagate 20 meg 
Seagate 30 meg 
Seagate 4038 
Seagate 251 


SOFTWARE. 


Microsoft Works 
AND MANY, MANY MORE! 


Toshiba 3100-20 
Toshiba 1000 

NEC Multispeed 
NEC Multispeed EL 


IRWIN & ARGHIVE 
TAPE BACK 


PC MOUSE 
MICROSOFT MICE 


AMDEK 
HAYES 


PRINTERS 


Epson FX86E 
Epson 286E 


Epson EX800 
Epson EX1000 
Epson LX800 
Epson 10500 
5035 

Epson 10850 


Ер$оп 101050 
HP LASER Il......... | 


WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
3% charge on VISA, MC & American Express 


HOURS: 
M-S 10-6 


CORPORATE ACCOUNTS WELCOME 


CALL FOR VOLUME DISCOUNTS Prices subject to changa without notice 
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COMPUTER LANE 
(818) 884-8644 


22107 ROSCOE BLVD. 


CANOGA PARK 
Ye BLOCK W. OF TOPANGA 


CA 91304 


Compaq is a Registered Trademark of Compaq 
IBM is a Registered Trademark of Intemational Business Machines 
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A UNIQUE WAY TO UPGRADE YOUR COMPUTER 
Without Changing Your DOS..! 


ASTRO ЕХТ-3.50" Internal and External drives just plug into your 
computer. Allows you transfer and access data files between 5.25" Desk 
Top computers and 3.50" Lap-tops, ІВМ PS/2s. Format, read and write 
720Kb, 1.44Mb and all HP150 formats. Fully compatible with Sperry 
(UNISYS) computers. AH external drives come with self-power supply. 


ASTRO EXT-140LT 5.25" 360Kb External floppy drive fully compat- 
ible with the TANDY 1400LT computer. 


ASTRO EXT-TOS31 & EXT-310LT-12 are External drives allows your 
__ Toshiba 3100/5100 read, write 3.50" 720Kb/1.44Mb and 5.25" 360Kb/ 
ЭЗЭ 12Mb formats. Available 5.25" 360K for Toshiba 1000, 1100+, 1200... 


| IBM PS/2 models 50/60/80, our ASTRO drives allows you to choose 
‚ | from 5.25" 360Kb/1.2Mb or 360Kb External drives and our drives will 
NOT take an I/O expansion slot. 
Second or third 5.25" 360Kb extcrnal drive for PS/2 models 25 and 30 
computers have one or two floppy diskette drives. 


! Contact your dealer or call us for more informations: 


Phone: (408) 727-5599/727-7626 - Fax: (408) 727-8149 
INC. 807 Aldo Avenue #106 - Santa Clara, СА 95054 (USA) 


Important TIPS* for BYTE Subscribers: 
Receive Product Information 10 Days Earlier! 


Т ВЕТЕ #2... 
IDENTIFICATION CARD » 
g у i 


John Sample 


785632189 


ar кшт тшш еі 


All you need is a touch-tone telephone and your subscriber I.D. number. 
See instructions facing the Reader Service Index in the back 
of this issue for outrageous time-saving opportunities! 


*BYTE's Telephone Inquiry Processing Service 
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MICROMINT'S Gold Standard in Single Board 
f Computers & Controllers 


BCC180 — у mageWise™ — = 
BCC1SO - 5505.00 Image Wise ее | 5C C52 — 5199.00 7 
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BCC22 $249.00 


Term-Mire Smart Terminal 


ui iC iie E c GLIASBLISEE ee T L8 i 

жеті Үрім Flee geom 

ото: тытам 1349.08 
| састы ws aal " 


Why oap ENE O fore for 4 тым беты The TERMC-METE ST cdiery pou ali al the 
folio on g кетік Deed for ісе Pan чі, Те pror id 


а Domra $ көзі" " i Graphic Charecien 
Chain 


ААС? OEM-286 — 5620.00 
complete PC/AT-CPU Cirencester, Glos, England 
Tel: 0285-68122 


SN! ишин йты ome OM) 0 
A ую on tora ми, | Manufacturer Representatives: 
Шеме 1 Access Technology 
a € лаб нас анды Placentia. CA 92670 
GTI80 —— 5395.00 Tel: (714) 996-3017 


жауса Display этот 


Microfuture 
Fremont, СА 94558 
Tel: (415) 657-0264 


To order call 
1-800-635-3355 


for technical information 1-(203)-871-6170 
TELEX: 643331 FAX (203) 872-2204 
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Micromint, Inc. 
4 Park Street 
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Those fantastic Byte covers—and boy, 
do they look great on this stylish, 34 sleeve 
T-shirt from Robert Tinney Graphics! 
| The colored sleeves and neckline vividly 
complement the full-color design. 
And don't mistake this for a rubbery 
patch that cracks and peels off after 
afew washings. This is true four- 
color process: the permanent inks 
are silk-screened into the fabric, 
resulting in a beautiful, full-color 
image that lasts! 


You'll also appreciate the shirt itself: 
a heavyweight cotton/polyester blend 
which combines tough washability with 
the cool, soft comfort of cotton. Each 
Byte T-shirt is priced at only $12.50 
($11.50 each for3 or more). Be sure to 
include shirt size: C—(child 10-12), S— 
(34-36), M—(38-40), L— (42-44), and 
XL— (46-48). Most orders shipped 
within a week. 


TWO NEW 
DESIGNS! 


#T2—Sottware Piracy 


— 


T= 


#Т4—-Ешиге Past 


#T3— Breakthrough 


T———— ————— См» ——————————————— 


Send the following T-shirts(s) at $12.50 each, or $11.50 each for 3 or 4 
more. | have included $2 for shipping & handling ($5 overseas). z Мел к ЕЛЕ т x money ad Bard Tinney 


| 

ГІ VISA О MasterCard [] American Express Graphics | 

Cad@: ss 1864 Мопћ Pumela Dr. | 

Baton Rouge, Louisiana | 

Expires: Signature: 70815 | 
Shi sh to: For VISA, MasterCard or 

—À American Express orders, | 

Name: ——I— VÉ _— ee НЫННАН. or for more information | 

(Business); Саі 1-504-272-7266 | 


Shipping & handling {see above) 


EN 
О Please send your COLOR brochure TOTAL s | 
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serJet font Nirvana. 
Or your $99? back. 


Witness a LaserJet miracle. 

Glyphix generates a dazzling variety of 
downloadable fonts from a set of four flexible 
typeface outlines. 

Working with your PC, Glyphix makes p 
creating a font as simple as picking an effect | Bitstream 
from a menu. Select sizes from 6 to 60 point. 
Choose from 14 different weights. Portrait or 
landscape. Condensed. Expanded. Slanted. 
Patterned. Shaded. The possibilities? Mil- 
lions of them. 


Microsoft Word, WordPerfect, 
Glyphix and our font managers: 
a match made in heaven. 

Let our font managers free you from the 
Purgatory of using fonts with Microsoft 
Word® and WordPerfect®. Sorting through 
PRD files and printer drivers is a thing of 
the past. 

Ош managers build fonts right into Word 
and WordPerfect, giving you the freedom to 
change font as often as you like. Best of all, Let the Glyphix Basics lead you = (һе pearly gates. 


the font managers use Glyphix to create and The Basics is a collection of four Chancelor is a decorative face 
download your fonts automatically, liberating typeface outlines, each representing that reflects a cursive handwritten 
megabytes of disk space from font storage. one of the major lettering styles. look. And rounding out the family 
With a Glyphix font set and a font manager, Roman, our version of Times is Rockland, a versatile square serif 
you have an army of fonts at your fingertips. Roman®, is a classical serif face that font that commands attention in 

If you're using Aldus Pagemaker® or Ven- has become a standard for body headline and body copy. 
tura Publisher®, you're ready to use Glyphix. copy. Helvette, our version of The Glyphix Basics. The Glyphix 
(Any package that can read HP soft fonts Helvetica®, is a modern sans serif Рог Managers. Products that give 
can manage Glyphix fonts.) face designed for presentations and your documents a look of celestial 

headlines. beauty. Order yours today. 


eee PERPE PIA OCT T n | 


Take me to Heaven! 
Basics for $9995 ^ Glyphix Basics: 
Г] Send me your MS Word Roman 
Font Manager for $79.95. 
Send me your WordPerfect Helvette 
anager for 
[] Send me a catalog of atl Chancelor 


the Glyphix type Rockland 
collections. 


Name. |. Telephone 
Address 
Clty . 1 Ме 


ORDER TOLL FREE: 
(800) 237-9383 


IN DELAWARE CALL (302) 733-0956 


Include $5.00 ahipping а and handling for one item. $2.50 each additional 
item. Mail orders to SWFTE International, Box 5773, Wilmington, DE 19808. 
Money back guarantee is extended for 30 days from the date of sale. 


BYTE | 


$5772 


Software with capability. And credibility. 
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Plug-In To Our Network And 


Receive А Free Issue Of... 


If you're responsible for the use, planning, design and implementation 
of information networks... YOU should be connected to this magazine. 


DATA COMMUNICATIONS is devoted 100% to reporting and exploring 
developments in digital communications. And it publishes more than 
half of all networking information printed in the USA! 


In it you will find practical ideas to help you enhance productivity in 
your own environment, build more efficient systems, cut costs and 
avoid mistakes. 


Each issue examines methodologies of computer applications...system 
design and optimization...message switching...integrated voice, data 
and video...diagnostics, error detection and testing...digitized voice 
..common carrier facilities...software and network design...and more. 


But don't just take our word for it. Let us send you a free issue to read 
and evaluate. Simply complete and mail the postage-paid card adjacent 
to this page. Well send you a copy of the current issue, along with our 
invoice for the term you select. If you like what you read. send us your 
payment. If not, just write "cancel" on the bill, return it, owe nothing 
and keep the free issue with our compliments. 


So plug-in to our network now...and see for yourself why Жү, 
DATA COMMUNICATIONS is recognized as the world's leading "Hill. 


networking magazine. 
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SHORT TAKES 


BYTE editors offer hands-on views of new products 


Low-Cost Sharp Laptop Sprouts 
a Hard Disk "TT. 


s goes the desktop, shortly follows the laptop. Hard disk 

drives, now de rigueur on desktop personal computers, 
are rapidly becoming required equipment on laptops. The 
new Sharp PC-4521 is evidence of this trend. 

This new system is currently the high end of Sharp's low- 
priced crop of IBM-compatible laptops. The system is almost 
identical to Sharp's dual-f loppy-disk-drive system, the PC- 
4502, but with a 20-megabyte hard disk drive in place of one 
of the older system's 720K-byte 3'4-inch floppy disk drives. 
The new system also comes standard with more memory 
(640K bytes), is about 2 pounds heavier (12.4 pounds total), 
and has a shorter battery time (2 hours compared with 21% 
hours on the older system). Naturally, the list price is also 
higher ($2995). 

АП other features of the two systems are the same, 
including a high-contrast electroluminescent backlit liquid- 
crystal-display screen, а 7.16-MHz 80188-compatible pro- 
cessor, an 88-key keyboard with separate numeric keypad, a 
parallel printer port, one 720K-byte 3'^-inch floppy disk 
drive, and a connector for an external 5!4-inch floppy disk 
drive. Unfortunately, neither system includes a serial port or 
an RGB connector, although both are available as options. 

The 7.16-MHz 80188-compatible processor pushes the 
system at speeds about 50 percent faster than a standard 4.77- 
MHz IBM PC. In our Sieve test, the new system was 20 per- 
cent faster; in the Dhrystone test, the result was 59 percent 
faster. The best performance was in our floating-point test, 
where the new system was 73 percent faster. 

The screen on the new system seerns a little slow during 
fast scrolling, for example, during a directory listing. But the 
dark-blue-on-light-blue characters are easy on the eyes. The 
resolution is 640 by 200 pixels. The screen does not seem to be 
able to display shades of gray. 

The keyboard differs slightly from a standard IBM PC 
keyboard. The function keys are arranged in two horizontal 
rows above the main keyboard. À numeric keypad (lacking 
the minus and plus keys) appears in the upper right. In 
addition, an inverted T of cursor keys has wedged itself into 
the lower right of the keyboard. Strangely, there are two pairs 
of Insert and Delete keys. 


The Facts: 

Sharp PC-4521 Options: 

$2995 1200-bit-per-second internal 
modem, $399: serial /О 

Sharp Electronics Corp. card, $99; expanded memory 

Sharp Plaza card (with 1 megabyte), 


Mahwah, NJ 07430 
(201) 529-8731 
Inquiry 859, 


$599; RGB adapter, $255. 


Inside the 4521 is a short, proprietary expansion slot. 

Here, you can add one of several options for the system. One 
problem, of course, is that you cannot add both a serial card 
and a modem at the same time. 

The system I used was in the prototype stage, but it looked 
sturdy and performed admirably. If you have special needs and 
require, say, both a modem and a serial port, or a modem 
and an RGB connector, you should see other systems. But for 
most situations, the PC-4521 will no doubt be very useful. 

—Rich Malloy 


А Third-Generation Word Processor 


n the beginning there was EMACS, one of the very first 

word processors for some of the very first small computers 
(and still going strong in the public domain). ЕМАС5 begat 
FinalWord, an enormously powerful but difficult-to-learn MS- 
DOS-based word processor. Borland International bought the 
rights to the Final Word engine and—with some major 
upgrading and the addition of an artful, easy interface— 
produced EMACS’ slick grandchild: Sprint. 

Sprint retains and enhances its ancestors’ power and 


flexibility: It lets you produce anything from plain ASCII text 
files to elaborate desktop-publishing-style documents with 
text in "snaking columns." Like Microsoft Word, Sprint lets 
you manually ernbed formatting commands or use style 
sheets to clone formats from one document to another. Sprint 
lets you have up to 24 documents and up to six on-screen 
windows open at once. 

It has a built-in dictionary and thesaurus. It can 

continued 


APRIL 1988 + BYTE 89 


SHORT TAKES 


semiautomatically generate indexes and tables of contents for 
long documents. It's fast (on an IBM PC AT-class machine, 
I jumped from the top to the bottom of a 17,000-byte test file 
in a few tenths of a second— virtually instantaneously). And 
it automatically and unobtrusively stores your work every 3 
seconds or so (writing to a swap file on disk) to save your 
bacon in the event of a power failure or similar disaster. 

Sprint also retains a few quirks whose origins trace back to 
the days when RAM cost dearly. For example, Sprint is 
“partially what you see is what you get,” in that you see 
most, but not all, of your formatting. To preview the final 
appearance of your document, you load and run a separate 
formatter routine to—in essence—print it to the screen. 

Fortunately, the familiar Borland interface—menus of 
menus, with in-context help at every turn—makes it all simple. 
But unlike other incarnations of the Borland interface, 
Sprint's is reconfigurable, so you can make Sprint appear and 
act like any other word processor. (The beta version I tested 
came with alternate interfaces for WordStar- and WordPerfect- 
like operation.) 

Sprint's default interface is logical enough that almost 
anyone can sit down and poke around the menus to turn out 
presentable documents with essentially zero learning time; 
experienced users can access Sprint's advanced features via the 
menus or more quickly with command-key shortcuts. 


Because the interface is reconfigurable, people already 
familiar with another word processor can use Sprint without 
having to unlearn one set of commands and relearn another. 
As a side benefit, an office сап use Sprint to standardize оп a 
single word processor (and therefore a single file format) and 
yet still let people use another interface. 

Sprint retains Borland's typical aggressive pricing: Less 
than $200 gets you a fast, powerful, flexible, chameleon-like 
word processor with a built-in dictionary and thesaurus. 

I've been looking for a new word processor for some 
time—and if the production version lives up to the beta 
version, Sprint may be it. 


А Boost for Your Old System 


utting the Quad386XT board in your old IBM PC or PC 

XT is like putting a much larger engine in your old car. It 
offers a boost to your old system, but it could leave you 
feeling delighted or disappointed with the change in 
performance. 

Essentially, the Quad386XT can upgrade your 8088-based 
PC or XT into an 80386-based computer. You must be 
familiar with the layout and chip location on the PC 
motherboard before you can install the Quad386XT. You must 
remove the 8088 CPU (and, if present, the 8087 math 
coprocessor) from the PC motherboard. You insert a special 
adapter module into the 8087 socket and insert the 
Quad386XT connector cable into the 8088 socket. The full- 
length Quad386XT board plugs into any empty slot in your 
PC or XT. You then plug the connector cable from the 8088 
socket into the board. The 80386 then becomes the PC's 
CPU. 

The board comes with an 80386 running at 16 MHz, 1 
megabyte of 120-nanosecond RAM, the BIOS in two 27256 
EPROMs, and a socket for an optional 80287, 80387, or 
Weitek 1167 math coprocessor. Àn optional daughterboard 
containing 2 megabytes of 32-bit RAM is available (for 
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— Fred Langa 
The Facts: 
Sprint 1.0 (version tested: Requirements: 
beta E.02) Not final at press time, but 
$199.95 the beta version required 
256K bytes of RAM and a 
Borland International hard disk drive (the 
4585 Scotts Valley Dr. program's modules are 
Scotts Valley, CA 95066 supplied on five 360K-byte 
(408) 438-8400 floppy disks); it supported 
Inquiry 858. monochrome and color 
monitors; it was not copy- 
protected. 
The Facts: 
Quad386XT Requirements: 
$995 IBM PC, XT, or compatible 
computer 
Quadram 
One Quad Way Options: 
Norcross, GA 30093 2-megabyte 32-bit RAM 
(404) 564-5566 daughterboard, $775 
Inquiry 856. 


$775); an 8-megabyte daughterboard is planned for the future. 

Included in the package is a disk with the QVM.SYS driver 
program and the QVM.COM program for switching from 
80386 real mode to the 8086 virtual mode. The disk also 
includes a selection of diagnostic software, a Dhrystone 
benchmark program, a RAM disk, a print spooler, and other 
utility software. 

In operation, the Quad386XT gives mixed results in speed 
tests. The BYTE 80386 benchmark programs do not run 
because of a conflict with the QVM.COM program. The 
Norton SYSINFO program gives the Quad386XT a rating of 
13.3. When I used IBM's BASICA to run the BYTE Calcula- 
tions and Sieve BASIC benchmark programs, they gave 
disappointing times: 1 minute, 26 seconds for Calculations, 
and 4 minutes, 26 seconds for the Sieve. BASICA uses the 
ROMs on thé PC motherboard, thus slowing down the 
program's execution. When I used GWBASIC, which can 
reside completely in RAM on the Quad386XT board, the 
times improved to 7.6 seconds for the Calculations program 
and 25 seconds for the Sieve program. 

—Stan Wszola 


continued 


You only want the best. You want it first. And, you work 
hard to get it When you choose Wells Americans А Star® 
microcomputers, that's exactly what you get. Not only the 
best, but also the first. 


Wells American was the first to release а 12MHz AT class 
computer. The first with 14MHz. The first with a no-hassle 31 
day money-back guarantee. And yes—we were even the first in 
business. We've been making microcomputers longer than 
ІВМ, Compaq" and Apple? In fact, we've probably 
been making them longer than anybody. 


Our А *Star computers are the only PC/AT 
compatibles that can run at 6, 8, 10, 12 and 
14/16MHz. Тһе press has rated them as “the best 
on the market" That's because they not only out- 
perform the competition, they're also less expen- 
sive. A 14МН2 model with 20MB of storage sells 
for under $1800. Basic unit prices start as low as 
$995! But being best is more than just impressive 
statistics and low prices. It's also a lot of little 
“extras” Extras like a one year factory warranty, 
nationwide on-site service from GE and, here's 
another first, free schematics! 


WEM PCI Al eed (62 аға ызымылыыган Сі amarra Busen Mertens Cope 


What does all this mean to you? Simply put, it means we 
have the resources and the technology to provide you with the 
best. And to provide it first. And in a company with so many 
“firsts,” it's not surprising that's how we rate our customers. As 
one noted computer publication said: “The effort that Wells 
American takes on behalf of its customers is remarkable, 
showing a degree of concem that a number of computer com- 
panies should copy" Of course, many have tried to do just 
that. But, according to our customers, no one comes close to 

matching our 15-year reputation for exceptional 
customer support. No one. 


Dont you think you deserve the best? Call us 
at 803/796-7800 for details on our special one 
month А x Star trial offer. Do it today and you 
could have the "best" on your desk tomorrow 
moming. Isn't that what you really wanted 
in the first place? 


3243 SUNSET BOULEVARD 
W. COLUMBIA. SOUTH CAROLINA 29169 
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Compact Disk Products, Inc. 


CD-ROM WORM 


| All Products, Lowest Prices, Expert Advice 


INTRODUCTORY OFFERS 


Hitachi 45035 с 35005* CD-ROM Drive with your oho af: 
- McGraw НФ Science and Technical Relerence бес. . $8 
- Microsoft eens with CD-ROM Extensions . 

~ бог Electranc Encyclopedia 
- РС SG meer [Disks H - 4877) 
- Dedko US. Aras and Mapmaker 

* add $20 for 35005 


А Quiet Ink-Jet Printer 


CD-HOM SOFTWARE 


Groller Electronic. Encyclopedia 
Micrasaft Bookshelf 


à apmaker 
Kirk-Dthmer Encyclopedia of Chemical Technology 
Нерв of Mass Spectral Data 


| TOLL FREE QRDER LINE 800-МЕСАВУТе (634-2298) | 


CD-ROM WORM DRIVES 
Hitachi 5095 External CO-ROM Омуе Audio 


"ann 2 350 ict №. Heigh Drive wAudlo 
b қ 
a E E И | | беда 
8х е лис 
M NE LO ей s $995 Tien cartridges, $75 to 
pcr ey gem ма sot ie ia ns D cin $125; Epson FX-80 printer- 
CD-P lay ample г ($85) Same гемалев ы СО-РА oka 176 эйи ta е ат Hewlett-Packard emulation cartridge, $75; 
CD -AudioF ile i505) латак cresta Eo o a ror mato СО Lets 3000 Hanover St. 128K-byte RAM cartridge, 
pote t ©з Cremas ee cama Ше Palo Alto, СА 94303 $150. 
| international Orders а Speculty | Call your local dealer. 
Comoect Disk producta. үс.  Ausurolon ‘Agent: Inquiry 852. 
Шертер met. тым [балсо | | 
am а P! L 
New York, 10028 Kew, Victoria 3XHM | Orders Weicame he Desk Jet is based on Hewlett-Packard's almost silent 
(201996 6389 (03}817-5933 ink-jet technology. It has 128K bytes of built-fin RAM, а 


16K-byte buffer, and both paralle] and RS-232C input. It can 
run at 240 characters per second (draft mode) with a resolution 
of 300 by 150 dots per inch or at 120 cps (letter-quality 

mode) with a resolution of 300 by 300 dpi. This provides near- 
laser-printer-quality output for $995. 


NANCY The printer uses a third-generation, thermal ink-jet, drop- 
on-demand print cartridge. In contrast to previous Hewlett- 
GRAHAM'S Packard ink-jet printers that required special paper for the 


best-quality output, the DeskJet print cartridge can print on 
regular bond, photocopier, and Hewlett-Packard's special 
ink-jet papers. One print cartridge can print from 500 to 800 
pages, depending on the font selected or the type of graphics 
printed. Replacement cartridges cost $18.95. 

The printer features an automatic cut-sheet feeder, and the 
built-in paper tray can hold 100 sheets. It can handle U.S. 
letter- or legal-size and European А4 paper sheets. You can 
also manually feed it #10 business envelopes. 

The printer is simple to operate. АП the diagrams for 
loading paper and print cartridges and setting function and 
front-panel keypad switches are located under the printer's 
front cover. The front panel has switches for formfeed, font 
selection, draft or letter-quality mode, and forward or 
backward linefeed. It also has a button to start new printer 
cartridges and a reset button. 

The DeskJet has the Courier, Courier Bold, and Courier 
Compressed fonts at 10, 16.67, and 20 characters per inch. 
You can make all font selections from the front panel. Two 
cartridge slots on the front panel hold optional font cartridges, 
а printer-emulation cartridge, ога 128K-byte RAM 
cartridge. 

In operation, the Desk Jet is almost silent. Print quality is 
comparable to laser-printer output. The DeskJet appears to be 
ideal for the small business that wants laser-quality output at 
a dot-matrix price. 


258-0785. 
514 Irarmbendgderseéuret.uu.nel —$ tan Wszola 
Mastorcard/Visa өссін continued 
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Get some of the best - 


Our range of Songer 2 рна offer facifities ge disais маша at prices 


that will surprise you. Here's just some of the ideas on offer this month. 
FastTrap" The perfect alternative to a mouse. Takes up far less room – and 


has features never seen on a mouse - tike 3D pointer control, Can be used as 


a direct replacement for Microsoft serial mouse. 


PSION Organiser И A phenomenal hand-held programmable computer. 
Cornes with software for Diary, Filing System and Address Book. Other 


applications are available. Can be linked to your computer to exchange data in 


either direction. 


Handy Scanner Capable of scanning in various standard graphics file formats at 


200 DPI in both directions, this is the perfect add-on for DTP - line or 
halftones easily input and edited. А must for today's serious computer user. 
NumeriKeys" A е extra for portables. Easy to install as it plugs in 
between the parallel port and the printer and can be configured for special 
rane through the easy-to-use software provided. 

Extended Function Guides Designed to fit either 
Standard or Enhanced boards, these guides show you all 
. the functions for the most popular software available - 
together with a mini manual for extra information. 


Electrone Dashboard" A full function 


comes with some smart software that allows you 
to configure any key for virtually any 
application. ^ 


FasiTrap є а trademark ol Macrospeed inc. Microsolt Р "e 
5a registered Trademark of Microsoft Ic AC Sm 
NumenKys rs a Trademark of Genest «СДУ 
Technologies Inc. Dashboard rs а d Ps а 
\ м trademark of Electrone Liri Products FE uw о“ | A Р F 
i тау vary shghily irom those dustrated АУ ©” ND, 
"а 1 P NS 5 o ND ш 
ж бе al ery Ға af в 23 v cb d 
Catalogic Ao. 
- poo 0 MU A 
1700 Lincoin | C eS d e a 
Denver pev > S ғ 
Р f ls ad y F м; 
CO 80203 © ҖЕ ; 
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"enhanced" board to fit the AMSTRAD PC port that 
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WordStar Strikes Yet Again 


ince it was first released in 1984, WordStar 2000 has 

been the serious-business big brother of the venerable old 
standard WordStar. But despite rave reviews and a huge 
marketing effort, WordStar 2000 never seemed to reach the 
level of acceptance of arch competitors like MultiMate, 
WordPerfect, and Microsoft Word. With WordStar 2000 3.0, 
that situation may change. MicroPro has taken a shocking 
approach for a software company: It has actually incorporated 
user suggestions into the upgrade and has fixed a bevy of 
complaints. 

WordStar 2000 3.0 has 662 features, oodles of thern new 
and improved. But listing even a small subset would take more 
room than I have for this entire review. If you can think of it, 
it’s probably there, including a spelling checker, thesaurus, 
and even a telecommunications program. But I'll concentrate 
on a couple of high points. 

First, those control-character commands that have always 
been the curse and blessing of WordStar are significantly 
improved in version 3.0. Commands are actually mnemonic 
now. For example, quit and save is now Control-Q-S instead of 
the maddening Control-K-D. And in what's still a unique 
WordStar feature, you can choose whether to have help screens 
stay or pop up after a time delay that you define. You can 
also use single-letter commands, which may be simpler when 
you're first starting out. 

The program comes with custom support files for some 
400 printers, and laser-printer support places this release 
plainly several steps ahead of its competitors. Setting fonts 
and selecting sizes are simple tasks, and the program comes 
with Inset, a utility that merges text and graphics. Put them 
together, and you have a more-than-basic desktop-publishing 


| package. 


Then there's the speed. When WordStar 2000 first hit the 
shelves, I gave it up in disgust because doing anything useful 
with it required patience. But I was pleased to find that 
version 3.0 is quick and actually functional. Scrolling through 
long files and doing search/replace functions now are 
virtually instantaneous, and when you perform a function that 
requires extensive reformatting, the program does its thing in 
the background while you keep working away. 

The disadvantages? The program is huge. It took me about 
half an hour to install, and when I was done I had 296 files in 
various automatically created subdirectories, taking up a total 
of nearly 4 megabytes of disk space. Even a minimal installa- 
tion takes 2.5 megabytes. WordStar 2000 does just about 
everything, and that too is a disadvantage. How do you learn 
all the ins and outs? The answer is that you don’t—right 
away. As is true with all feature-rich software, it's an 
evolutionary process. You find and learn the features as you 
require them. In that regard, MicroPro is now offering toll-free 
customer support 7 days & week at no extra charge. It's 
radical for MicroPro, and too long awaited. 


—Stan Miastkowski 
The Facts: 
WordStar 2000 3.0 Requirements: 
$495 IBM PC, XT, AT, PS/2, or 
compatible with 320K bytes 
MicroPro International of RAM (512K bytes for Inset 
33 San Pablo Ave. text/graphics integrator); a 
San Rafael, CA 94903 hard disk drive is 
(415) 499-1200 recommended. 
Inquiry 855. 
continued 
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MICRO CADAM CORNERS TONE: 
Real maintrame-based РС CAD 
software that beats them all. 


Now you can get real mainframe 
CAD power for your ІВМ” PS/2"" 
PC/AT® and compatibles at a PC price— 
just $2,995? 

MICRO CADAM CORNERSTONE 
beat the competition at the recent 
"PC CAD Shootout"—a benchmark 
evaluation of the best PC CAD software, 
sponsored by the National Computer 
Graphics Association (NCGA), and 
witnessed by 170 CAD/CAM profession- 
als and editors. 

We not only finished first—we 
were the only system to completely 
finish the benchmark exercise in the 
allotted time. 

And when the audience voted, 
MICRO CADAM CORNERSTONE outpolled 


the closest competitor by а 6-to-1 
margin. 

MICRO CADAM CORNERSTONE 
isn't just fast, it's also incredibly power- 
ful. It employs the friendly CADAM® 
user interface famous throughout the 
industry for being easy to learn and 
use—even if you've never worked with 
a CAD system before. 

MICRO CADAM CORNERSTONE is 
upwardly compatible with the whole 
CADAM family of CAD/CAM/CAE solu- 
tions, working today on more than 
25,000 CADAM terminals and used by 
over 100,000 design and manufacturing 
professionals worldwide. And it features 
DXF neutral files, so vou can exchange 
drawings with other PC-based systems 


$1987 CAIAM INC 


and interface to other applications 
like desktop publishing. 

So if you're looking for real 
mainframe CAD power at а PC price, 
then ask for the one that beats them 
all, MICRO CADAM CORNERSTONE. 
Call САРАМ today—toll-free at 
800-255-5710. 


MICRO CADAM CORNERSTONE... 
The Ultimate PC CAD Production Tool 


0, 


“ay 
CADAM INC 


A SUBSIDIARY OF LOCKHEED CORPORATION 


"Suggested U.S retail licensing fee CADAM ba regisered unademark and MICRO LALAM UDRNERSTONE is a trademark of CADAM (9С 1B and PC/AT are registered trademarks and PS‘? ia trasera af Lernia иш Machines Corporation 
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Dealer inquiries invited 


See us at Comdex, Booth 2715 


Circle 66 on Reader Service Card 


Mclinker'", Automatic Ribbon Re-inker 


will ra-InK YOUr п ns ТОГ 18853 
than 5 cents and will pay for itself 
even in one day depending on 
printer use. Average cartridge 
can be re-inked 60-100 тез. We 
support over 12000 printers, car- 
tridges, spools, multicolor car- 
tridges. Ask for complete catalog. 


Universal Mcinker (cartridge or spool) ..............68.50 
Multicolor Adaptor Cr nanona) 40.00 
Dot matrix Ink (202 S00, 1 pint $18.50 any paor 86 

i Ing ера рай REECE ROR p 


»100,000 sold since 1982, satisfaction or return 


MERCURY MODEMS 


100% Hayes compatible (guaranteed), ІШІ lights, autodial 
answer, repeat, ми i 2 year warranty 
9 


ORDER TOLL FREE 
1-800-547-3303 
In Oregon (503)626-2291 


Er CESmputer 
Friends, Inc.. 


Ponit OR 97229 alex 4849858 CF 
shipping 5.00 telex 4 
дй. lax (503)643-5379 


№ 
СС. 


Keyboard Protector 


nd = # 


ЕТТТІЛ Я. 


— 


Finally! A Keyboard Protector That: 

+ PROTECTS CONTINUOUSLY - 24 HOURS A DAY - 
Against computer downtime due to liquid spills, dust, ashes, 
staples, paper clips and other environmental hazards. 

« REMAINS IN PLACE during the operation of your keyboard. 
SafeSkin is precision molded to fit each key - like a“second skin,” 

* EXCELLENT FEEL - The unique desiqn eliminates any in- 
terlerence between adjacent keys, allowing smooth natural 
operation of your 

ғ SafeShin IS VIRTUALLY TRANSPARENT - Keytops and 
side markings are clearly visible. In fact, SafeSkin is so clear, 
sometimes you may not know it's there! 

„ DURABLE - LONG LASTING - SafeSkin ia not а “throw- 
away” item. Many of our protectors have lasted over 3 years 
under continuous daily use, without failure. 

SafeSkin is available lor moat popular PC's and portables including: 
IBM, APPLE, AT&T, COMPAQ, DEC, EPSON, KEY- 
TRONICS, NEC, TANDY, TOSHIBA, WANG, WYSE, 
ZENITH. Specify computer make and model. Send $29.95, Check 
or M.O., VISA & MC include exp. date. Dealer inquiries invited. 
Free brochure available. 


Merritt Computer Producte, Inc. 
4561 S. Westmoreland / Dallas, Texas 75237 / 214/339-0753 
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SHORT TAKES 


Thin 16 In 


The Facts: 

ZCM-1490: Flat Technology Requirements: 

Monitor 15-рт analog RGB input 
$999 


Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(800) 842-9000, ext. 1 
Inquiry 853. 


veryone's saying it, and it's true: You have to see the 

Zenith Flat Technology Monitor (ZCM-1490) to believe 
it. The colors are brilliant, the screen has no glare, and the 
flatness is quickly addictive. It's hard to go back to the average 
bulging monitor screen that lets you count the ceiling lights 
reflected оп its surface— very hard. 

The ZCM-1490 is a 14-inch high-resolution flat-tension- 
mask color analog monitor designed to support the УСА 
output from IBM's PS/2 computers and comparable video 
cards. It also supports CGA, EGA, Monochrome Display 
Adapter, and Hercules software via Zenith's Z-449 video 
card. The monitor handles the standard 80-character by 25- 
row text output. Its resolution is 640 by 480 pixels, and it has 
a horizontal-scan frequency of 31.5 kHz. 

Two dials on the top control brightness and contrast, and a 
switch on the back lets you operate at either 120 or 240 volts 
АС. The on/off switch is located on the rear, as is an ІВМ 
PS/2-compatible 15-pin RGB cable connector. 

I tested the ZCM-1490 on a PS/2 Model 80 and played 
with one of the many paint packages. When you first sit down 
to a flat monitor, your eyes are so accustomed to a curved 
screen that the flat one appears concave. This deception 
disappears in a few minutes. 

The colors on the Zenith are clear and crisp. I would say 
they are "true," but I'm speaking subjectively. I didn't 
actually compare them with color charts. Color selection is 
governed by the video input to the monitor and is not restricted 
by the monitor itself. The black background default screen is 
indeed black instead of the usual dark gray. In fact, the black, 
added to its lack of glare, gives it almost a matte finish. 

1 was very impressed with Zenith's 2СМ-1490; the 
colors, the clarity, the lack of glare—and it's easy on the eyes. 

—Jane Morrill Tazelaar 


continued 


All of aur ribbons are manufactured to 
exceed your original equipment manu- 
facturers specilications 


NATION WIDE 


1-800-292-6272 


MARYLAND 


1-800-442-6272 


MARYLAND LOCAL 


561- 0200 


9566 Deereco Road 


COLORS... 


CARTRIDGE RIBBONS (NYLON) 


Description Price (ea.) 
Alps 2000.....................-.....85.... $4.50 
Anadex 9500/9600 —— 3.80 
Apple Imagewriter I! 4 color............ 9.95 
Apple Imagewriter/DMP................. 2.95 
Brother М1408........................«..... 4.50 
Brother М1509/1709..,.................... 5.50 
Burroughs В-9246-3/6................... 4.95 
Canan A-1200 ...... — M — 4.50 
Centronics 150/152 ....... eere oe oo ere no? 2.25 
Centronics 350/351/352/353 ....,...... 8.50 
Centronics 704/705/753 ............... .. 4.50 
Citizen LSP 120D............... asinis iux 4.50 
Citizen MSP 10/20......................... 2.50 
Citizen MSP 15/25........................ 3.50 
Comrex 420........................ n dia 6.90 
C. toh 1550/7500/8510 .................. 2.95 
Data Products M-100L/120/200 ....... 3.50 
Data Products B-300/600................ 4.95 
Data Products B-900/1000.............. 650 
Data Royal 5000......... —— — EGO 
Datatrol/LRC МР40....................... 4.15 
Data South 180/220/5180............... 2.60 
Dec LA 34/100/210 Letterprinter...... 2.95 
Dec LA 50..... «oar setoesao oesesetoecoseses 2.05 
Diablo 1660/2300 Matrix................. 3.50 
Diablo Hytype Il Nylon................... 2.95 
Epson EX 80071000 ......... een 4.20 
Epson FX/MX/RX 70/80/88 ............. 2.50 
Epson FX/MX/HX 100/185/288 ....... . 3.50 
Epson (а 800/Lq 850 Н.П. —— Ad 
Epson Га 1000 H.D................... ..... 4.50 
Epson Га 1500........ь..ь-.--.--.-«><-4«» 2.95 
Epson Та 2500 Н.Р........................ 4.50 
Epson LX 80/90........................-«.. 2.50 
Facit 2201/4512/4514..................... 2.95 
Facit 4500/4510/4511/4513 ............. 3.75 
Facit 4520/4525/4526/4528 ...... 2120: @.60 
Fujitsu OMPG 9/DX2100-2200......... 3.95 
General Electric 300/341/W/l ........ 35.00 
Hewlett Packard 2608 .................. 18.65 
Hewlett Packard 2631A ........... seers 10.95 
Honeywell 1500/7023/9104 С.Р. ...... 2.50 
ІВМ 3287/3615 Sil,.Dol.Cup/Loop... 1.80 


IBM 3287/3619 Silver Dol. Сап........ 2.50 


IBM 3288 1/2" Нагтопіса............... 3.00 
IBM 3776 3/4” Harmonica............... 3.50 
ІВМ 4201 ProPrinter Il .................. 3.75 
IBM 4202 ProPrinter XL.................. 4.50 
IBM 4207 ProPrinter X24 ................ 4.95 
ІВМ 4208 ProPrinter XL24 .............. 5.95 
IBM 5224 Baseball Bal................. 13.95 


NCAC GUARANTEE | 


We wt never knowingly disapiys nt: H fog i $ 
purchase does пог give you : pote cabe p hg Іші 
Due chase price will ве «heertu ү 
return of Ihe morchang:se 

Wo have діуғауз babevad thal 
cusiomer has гесбігесі (0741 satisfüc tion Нат 


Tad) еу 


Philip ©. Beringer F 


Nylon Only 

No. Description Price (ea.) 
178 IDS Prism Black 132/2080/2132....... 3.50 
178A 105 Prism Primary RD/BL/GR/B...... 9.75 
178B 105 Prism Process CY/MA/Y/BL ..... 9.75 
286 Mannesmann Tally 85.................... 3.95 
285 Mannesmann Tally 86................ .... 4.50 
233  MannesmannTally1000/1200/1600... 2.75 
204 Mannesmann Tally 100/120/160...... 3.00 
205 Mannesmann Tally 130/140/180 ...... 3.50 
200 NEC 5500/7700 Nylon Cart. ............ 2.45 
114 NEC 8023 PC/8024 PC/8027 PC ...... 2.95 
660 NEC Pinwriter P1/P2/P6................. 3.60 
661 NEC Pinwriter P3/P7 ..................... 3.95 
662 МЕС Pinwriter P5 Н.О. .......... RN 3.95 
663 МЕСР220ОН.Б...........»...».»«.4....-.» 5.50 
209 Okidata 182/183/192/193................ 3.95 
206 Okidata 292 ................................. 4.85 
208 Okidata 293/294..................... — 8.60 
217 Panasonic KXP 1080/1091/1093....... 6.90 
226 Radio Shack DMP 400/LPVI............ 2.95 
235 RadioShackDMP100/LPVII/TRSSOLPI ...., 3.95 
282 Radio Shack/DMP 130................... 3.75 
282 Seikosha SP800/1000 .......... T" ‚3.75 
261 Star Micronics NB/NL/NP/NX 1D..... 3.60 
264 Star Micronics NL/NP/NX 15........... 5.20 
262 Star Micronics Radix 10/SH 10........ 3.60 
263 Star Micronics Radix 15/SR15......... 4.10 
290 Star Micronics SD10............... қиян 3.75 
291 Star Micronics SD15............. — AC 4.10 
135 Telex 2870/28702......................... 2.60 
242 Texas Instruments 850/855 ............. 3.10 
243 Texas Instrumenis 860/865 ............. 3.20 
245 Toshiba P321/P341/P351................ 3.10 
245 Toshiba Р1340/Р1350/Р1351........... 3.10 
138 5. ТРИО: ui eoa dd нн rrr oia en 100 
1310 Univac 0789/0790.......................... 4.95 

CARTRIDGE RIBBONS - FILM 

(correctable / mulli-strike) 

306- Brother EM60/100/200 Corr. . ... „3.50 
307- Brother HR15/25/35 M/S... кү 10 
227- CPT Rotary 8/9 М/$.......................... -2.95 
158- Diablo Hytype II M/S... ‚.....2.25 
317- Diablo Xerox Memorywriter . — —À 3.50 
334В- Epson DX 10/20/35 М/5....................4.40 
168- Facit 4560/8000 Corr. ..........................4.78 
1960EM-18M5218/5219 Displaywriter 

M/S OEM Miet ‚11.25 
222- IBM 6240 М/б.................... — — ИВА Е. 
812ОЕМ-1ВМ Quietwriter М/©...................... 10.95 
740- ІВМ Wheelwriter Согт.........................- 3.50 


730- (BM Wheelprinter М/$.......................... 
320- IBM Selectric ІІ Н.У. Corr. ................. 
2020EM-NEC 2000/3500/8800 Filip M/S.... 


"CALL US FOR VOLUME DISCOUNT PRICING" 


*This is only a partial list of our products. 
See why corporations such as General Motors, Mobil Oil, AT&T, MCI, Eastman Kodak, the entire U.S. 
Postal Service and thousands more are now using National Computer 2068836 © brand products 
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e Timonium, Maryland 21093 


etm anl ihe p 


SAVE 50% or more with our National Computer 888/5 brand products. 


QUALITY 
SERVICE 
PRICING 


BUY DIRECT FROM 
THE MANUFACTURER 


STOP THROWING AWAY 
YOUR DOLLARS 


$ $ $ 


We manufacture our products with the 
finest matrix inks premium high den- 
Sify nylon, precision engirieared pias- 
ics and Hem air refrigerated loading 
equipment, 


BLUE — GREEN — PURPLE — RED (Add $1.00 To Each Price) 


No. Description Price іва.) 
201- МЕС 5500/7700 Spinwriter М/5.......... 2.50 
303- Nakajima Corr .......... aces 0480 
304- Nakajima М/5....................................... 5.99 
334- Оһуейі ET 201/121 Corr ............ ........ 2.66 
334B- Olivetti ET 121/351 Pm 4.49 
222. Qume l/Sprint 3/5 M/S .. ‚1.726 
223A- Qume tll Quick Load.. 2. 


219- Qume IV Sprint 7,8,9,10,11, 12 M/S... ..2.95 
227- Ricoh 1300/1600 М/5........................... 296 
251- Wang System 5581/6541 M/S Matrix 2 96 


TWIN SPOOL RIBBONS - NYLON 


445- Burroughs 9245/9247 5M .................. 15.98 
453- СОС 100/200/300.................... e 4,75 
450- Centronics 100/300/500 ....... ИИ ОКИ. +, 
453- Data 100/300/400 ................--.--. ...... 476 
454- Decision Data 6807/6811/6814 .. ......6.96 
455- Dec writer LA 30/36... 250 
456- Dec writer LA 120/180................... 399 
4BO- Facit 4540/4542 В!аскК........................ 3.70 
462- ІВМ 3262/5262.................................... 4.95 
465- IBM 3525 ТУЗ, ее, oar 9 00 
463- |BM 5211. C——— e$ Y j 
464- ІВМ 5225/5250/5280 .. "КЕ ККДК ОКТО ГЕР 14.50 
470- Okidata 80, 82, 92, 93........... ...........1 25 
471- Okidata 84,94....................................... 2.50 
467- Printronix 150/300/600.....................—- 4.85 
955A- Seiko Universal Black/Red ............ .... 1.26 
470- Star Micronics Gemini 10/10X............3.25 
455- Texas Instruments 800/810/815 ......... 2.50 
456- Texas Instruments Omni 820..............3.90 
401- Wang 2221/5521.................................. 2.75 


WIDE COMPUTER RIBBONS 


0056Р -BST 14"x10 уаз. ..................—.-. 7.99 
0106P -Burroughs 9246 15"x20 yds. .............. 15.95 
0156P -Control Data СОС 15"x25 yds........ 18.75 
0256P -Data Products 2230/2330 

и VEI Secure et ini rne 13.75 


0276P -Data Products 2400 144715 yds. ..13.75 
0356P -Documation 1200 15"x20 yds. ........15.96 
0456P -Honeywell Pru 1200 17.6"x22 yds..18.95 
0106P -Hitachi 15"x20 yds ........ MIR 15.95 
0556P -IBM 1403/3203/4245 14"x20 yds.....13.28 
0656P -IBM 3211/Documation 17"x20 уда, 16.25 
0756P -IBM 4248 w/Imposer Strip 

IB XJD уайз.................. epo etri eir in ei 79.50 
0956P -Univac 0770 15"x55 у%з................... 36.00 
0976P -Univac 0776 15%4"x20 у48................ 


"55.00 Shipping and handling charge on а! 
orders under $50.00. Over $50.00 actual 
freight is charged. 
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А Little Giant in Telecommunications 


Glorious Union Information Systems Inc, 
14th Floor, 207 Tun-Hwa North Rd, 
Taipel, Taiwan, R.O.C. 

TEL 2-715335% 2-7158035 

TUX 22657 GUS FAX: 2-7134577 


НР 15 a regusiared Irademark gl Hewan Packard Со 
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А Compatibility Step Toward OS/2 
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The Facts: 

Microsoft Windows 2.0 Requirements: 

$99 IBM PC, XT, AT, or 
compatible with at least 512K 

Microsoft Corp. bytes of RAM; it also runs on 


16011 Northeast 36th Way the IBM PS/2. 
Redmond, WA 98073 
(206) 882-8089 


Inquiry 854. 


icrosoft Windows 2.0 is an update of the original 
Windows designed to allow at least limited compatibility 
among all the Microsoft graphical interfaces. 

Most users will see few differences between version 2.0 
and earlier versions of Windows. The major feature in the new 
version is the ability to use expanded memory to swap 
programs. In older versions, programs were swapped to disk, 
resulting in slow performance that could degrade if your hard 
disk became fragmented. Swapping to expanded memory 
allows programs to swap in times that more closely approxi- 
mate a genuine multitasking system. 

If your system has both expanded memory and extended 
memory, you сап get even better performance by swapping 
programs to expanded memory and using the SMART&ürive 
disk-caching program that comes with Windows in extended 
memory. The other user-apparent changes in version 2.0 are 
minor, including improvements in the speed and ease of use in 
the keyboard command “shortcuts” and the ability to size 
windows from the fat borders. 

The major changes in Windows are in the applications 
programmer level. Microsoft's original intention of having 


| well-behaved Windows applications run unaltered under the 


OS/2 Presentation Manager has changed, but Windows now 
has file structures and programming hooks that are similar to 
those in OS/2, so that ports from Windows to OS/2 will be, if 
not easy, at least possible. 

In all, Microsoft has updated Windows in ways that 
maintain a great deal of compatibility with earlier versions of 
the environment, while providing features that make it more 
useful for many users. 

In moving from the Windows Operating Environment to 
the Windows Presentation Manager, Microsoft has opened a 
door of new features to applications programmers, but 
without leaving earlier Windows users standing alone in the 
cold. ш 

—Curtis Franklin Jr. 
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A choice of snap-in/out, 24- or 
18-pin print heads gives you the 
versatility and ease of mainte- 


nance that other printers T 


With a top speed of 360 cps, ; 
it makes most printers seem / | 
downright lackadaisical. 


==. 


ALPS р?зоос | 


But who needs competition And take care of it faster. Thanks 


when you've got all this? not only to its talents pointed 
Namely, the we „ә out above, but to its many 

ALPS P2400C" ай others, as well. 

Dot Matrix Printer, — | Like a choice of 
No other printer == | draft, correspondence 

in its class can do so and letter quality print 

much for so many for modes. А print buffer 

so little. expandable to 256K. 
For instance, the Multiple font cart- 


P2400C can easily take оленег seven-color graphics ridg es. And full com- 


4 spreadsh whatever, its output 1s 1 21. А 
оп all the work an office ьильле everything else appears lackluster. patibility with the most 
full of busy PCs can dish out. popular PCs and software. 


COMPETITION. 


Most printers lack the good 

sense to include a paper-saving, 

push/pull tractor for both bottom 
and rear feed. Not this one. 


You also get conveniences that 
many other printers are lacking. 
Like control of everything from 
N the front panel, the feature menu, 
X or from software — without using 
„OIF switches. 


Not to mention the ability to 
run quietly. At under 55dBA, the 
Р24000С is one of the least noisy 
printers around. 

One of the most durable, too. 
It comes with a full, one-year 
limited warranty. Апа if you give 
it normal care, it'll give you over 
five years of trouble-free 
performance. 

Of course, there's nothing like 
a live performance to prove there's 
nothing like the P2400C. 
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For a fee demo, or more 
information, call us at 
(800) 828-AL PS. In California, 
(800) 257-7872. 

And see what every other 
dot matrix printer is lacking. 


AMERICA 
IT'S TIME YOU SAW THE ALPS. 


Р2400С 1з а trademark сі ALPS Electric Co, Ltd € 1987 ALPS America 


CALL TOLL FREE 1- 00- 


F TEDER” 


АР cm Shipping. 
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PRINTERS 


BOARD: 
ABT Six-Pack Pius . 2109 


ІНЕКЕТ 1-41 =; 
Ai Мизан А Сан E T LE Г Еш 
мзш... "m 52829 Maxell 402 (Or 00707 , $82.80 HotShot2800 .. ., ... . $3909 
Сійвей мараб . te aœ.. 9289 VG dc Dos ‚ $155 ATlEGAEnhanced .......... 8 
MSPs | $418 Bony D3;/DD (Oty 100) 3859 | VIP VGA , ЖР? Tr 
MBPS ' .. S388 HD (700%) 5 $180 | Hercules Color Сага .. 3146 | 
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FIRST IMPRESSIONS 


BYTE Statf 


Microsoft Languages 


Update 


New prerelease versions of old friends offer a bridge to OS/2 


pany unleashes a barrage of language 

upgrades the likes of which Microsoft 
introduced earlier this year. The com- 
pany wanted to provide its languages with 
OS/2 functionality so that programmers 
could write applications for use with the 
new operating system or turn it into a de- 
velopment platform for MS-DOS appli- 
cations. іп doing so, Microsoft has an- 
nounced new versions of five language 
products and two development kits: 


| t's not every day that a software com- 


* C Optimizing Compiler 5. | 

е BASIC Compiler 6.0 

* FORTRAN Optimizing Compiler 4.1 
* Macro Assembler 5.1 

* Pascal Compiler 4.0 

* (05/2 Programmer's Toolkit 

* Windows 2.03 Software Developer's Kit 


Furthermore, the company introduced 
at about the same time a new COBOL 
Compiler 3.0 (actually developed by 
Micro Focus but marketed by Microsoft) 
that also provided OS/2 functionality. 
The only Microsoft languages not directly 
affected by the OS/2 upgrades were, in 
fact, QuickC and QuickBASIC. How- 
ever, Microsoft has said that it is simply a 
matter of time before OS/2 versions of 
these languages are developed as well. 

While the basic objective of the геуі- 
sions was to bring OS/2 functionality to 
the languages, an added aim was to do so 
without sacrificing MS-DOS compatibil- 
ity. The intent behind this plan was to 
provide programmers with a single im- 
plementation of each language instead of 
separate versions for OS/2 and DOS. To 
accomplish this, enhancements had to be 
made that affected all elements of the de- 
velopment cycle, from the editor to the 
debugger, 

One of the most noticeable changes, at 
least for programmers familiar with past 
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Microsoft languages, is that a common 
program editor—the M editor—has been 
added to each language. (Other than the 
Quick products, this is the first time 
Microsoft has delivered languages that 
have integral editors.) Among other 
things, the M editor allows multiple win- 
dows and multiple files, and it is config- 
urable so that it can look like editors you 
may already be familiar with. (Config- 
uration files are included that enable em- 
ulation of the Brief, Epsilon, WordStar, 
and QuickC/QuickBASIC-style editors.) 
The M editor has macro capabilities to 
automate frequently used operations, and 
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it creates a history file that automatically 
logs in the changes made to a program, 
the type of changes they were, and who 
made them. Additionally, other pro- 
grams can be invoked from within the M 
editor, 

On the compiler side, the revised com- 
pilers emit Inte] 80286 instructions when 
running in OS/2 protected mode. Also 
added were special software libraries that 
take advantage of unique OS/2 capabili- 
ties—primarily the ability to work with 
dynamic linked libraries (DLLs) and 
multithreaded applications. 

Dynamic links are the primary method 
hy which OS/2-system and nonsystem 
services are obtained. They let you post- 
pone making external references until 
load time or run time. DLLs allow librar- 
ies of routines to be linked to applications 
at execution time. Since DLLs can be 
shared among programs, those programs 
can be much smaller. Multithreading is 
an QS/2 feature that allows more than one 
path of execution through the same in- 
stance of an applications program. 05/2 
allows a maximum of 255 threads in use 
by the system at any one time. 

In general, libraries included in the 
compiler let system calls be made di- 
rectly о OS/2 functions. Typical calls 
might be to open a file, allocate memory, 
and so on. 

Because OS/2 enables you to write 
much larger programs, the linker was re- 
vised so that, among other things, it is 
easier to make frequent changes to large 
code modules. You can also specify that 
programs be linked so that they run under 
either OS/2 or MS-DOS. (А unique OS/2 
utility called BIND.EXE lets you asso- 
ciate a program with either environment. 
Such a program is said to be "bound" to 
05/2 or to MS-DOS.) 

Part of the significance of this is that 
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Table 1: Programs created with ihe Microsoft C Compiler 5.1 and "bound" 
with a utility program can run under OS/2 and MS-DOS, The same binary 
image of each sample program was run under OS/2 and then in the MS-DOS 
window. The programs run 10 percent to 28 percent faster in the MS-DOS 
window because background processing is suspended. Because we tested 
prerelease software, these are not true benchmarks; they simply give a rough 
idea of relative performance. 


| OS/2 window DOS 3.x window 
Dhrystene* 3125 4059 | 
| 
Fibonacci ?0 62 | 
Sieve 11 В 
Sort 21 18 


* Larger number indicates better performance. Alt times are in seconds, except for the 
Ohrystane. which is in Dhrystones per second. One hundred iterations were run for the 
Fibonacci, Sieve, and Sort benchmarks. The Dhrystone version is 1.1; no registers 
were used, and 50,000 iterations were run. 


MS-DOS programs can be written under 
OS/2 with the resulting benefit that pro- 
grammers can undertake several concur- 
rent development tasks—execution in one 
window and debugging in another, for in- 
stance—and considerably speed the de- 
velopment process. The programmer 
would then use BIND.EXE to marry that 
application to MS-DOS. Microsoft says it 
will also supply prepackaged libraries of 
code for simple things like I/O access to 
the operating system, and has indicated 
that the company will provide additional 
libraries (¢.g., graphics libraries) in the 
future. 

Microsoft readily admits that debug- 
ging OS/2 programs can be extremely 
difficult, particularly with multithreaded 
programs that can have dozens of threads. 
CodeView, the Microsoft debugger, now 
provides thread-level control of break- 
points and tracing, Breakpoints can be set 
on à program level or on a thread level. If 
set on a program level, the complete exe- 
cution sequence stops when a breakpoint 
is encountered. You can, however, set a 
breakpoint at the thread level by specify- 
ing the thread on which execution is to 
halt. Similarly, tracing can be applied to 
either the overall execution sequence or 
only to the path of a specific thread. 


C Optimizing Compiler 5.1 

Among the new features included in the 
Microsoft C Optimizing Compiler 5.1 
are run-time library enhancements, OS/2 
support, and the BIND.EXE utility that 
modifies a program so that it can run 
under either MS-DOS or OS/2. Micro- 
soft C 5.1 itself runs under either OS/2 or 
MS-DOS 3.x. 

We installed a prerelease version of the 
compiler on a Compaq Deskpro 386 with 
a 40-megabyte hard disk drive and run- 
ning Microsoft's OS/2 version 1.0. The 
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C 5.1 installation package has grown 
from four 360K-byte 5!4-inch floppy 
disks that composed the version 5.0 pack- 
age to thirteen 360K-byte 5'4-inch flop- 
py disks and one 1.2-megabyte 5'4-inch 
floppy disk. That's the bad news. The 
good news is that a sophisticated setup 
program manages the details of getting 
the software from the floppies to your 
computer's hard disk. 

The setup program asks you questions 
about the type of run-time support you 
want (OS/2, real-mode/DOS, or both), 
types of math libraries desired (copro- 
cessor, emulation, or alternate), the 
memory models you need (small, medi- 
um, compact, or large), and if you want 
QuickC installed. Once you've answered 
these (and a few other) questions, it be- 
comes a simple matter of inserting the ap- 
propriate disks as the setup program 
prompts for them. 

If you're already using C 5.0, you'll be 
familiar with the operation of C 5.1. If 
you're upgrading from C 4.0, however, 
you're in for some changes. First, the mse 
command you used to invoke the com- 
piler under 4.0 has been changed to e1. 
The compiler switches are still the same, 
but while you could combine them under 
4.0 (e.g., msc/AL/G2 sleve), you must 
separate them with spaces under 5.1 
(i.e., cl / AL /62 {ба aieve.c). Perhaps 
the most jarring change is that you must 
explicitly supply the file extension of 
‚© for the program file or C 5.1 can't lo- 
cate it—something that didn't occur 
under 4.0. 

On the positive side, C 5.1 (and its pre- 
decessor 5.0) applies powerful code opti- 
mization techniques to compile your pro- 
grams, and it supports the new ANSI C 
standard. Unlike C 5.0, С 5.1's run-time 
support has been expanded to include 
OS/2, and new C keywords let you access 


certain OS/2 functions. For example, 
spawn() creates and starts a new child 
process, and ewait() stops the calling 
process until a specific child process 
completes. A signal{ ) function lets you 
choose one of several ways for a process 
to deal with interrupts from the operating 
system. Some of these signals—floating- 
point error, for example—can be dealt 
with under OS/2 or MS-DOS, while 
others, such as process flags, are applica- 
ble only under OS/2. 

А new compiler switch, L, lets you link 
code for either OS/2 protected mode (Lp) 
or DOS 3.x real mode (Lr). If you com- 
pile and link a C program using only the 
protected-mode options, you can use the 
bind utility to modify the executable so 
that it can run under either OS/2 or MS- 
DOS. 

However, for BIND 1.0 to locate the 
required API.LIB and DOSCALLS.LIB li- 
braries, you have to provide it with ex- 
plicit path names to these files. Depend- 
ing on your file directory structure, these 
path names can get quite involved, so we 
resorted to a .CMD file (OS/2's equivalent 
of a .BAT file) to invoke BIND.EXE. The 
C 5.1 update documentation states that a 
| Fb switch lets you invoke the bind utility 
from the C compiler command line, but 
try as we may, the compiler insisted that 
it was an unknown option, and we had to 
bind the files manually. 

To test this dual-mode capability of the 
C 5.1 compiler, we compiled sample 
programs using the protected-mode op- 
tion and then bound them. (In this case, 
we used several BYTE benchmark pro- 
grams to check dual-mode operation, not 
to establish benchmark results.) Next, we 
ran the programs under OS/2 and re- 
corded the times. Finally, we switched to 
the DOS window, ran the same execut- 
able files again, and recorded the times. 

No problems were encountered run- 
ning the programs in either mode. See 
table і for the results. Only one OS/2 
screen and the MS-DOS window were 
present during the timing tests. The pro- 
grams executed 10 percent to 28 percent 
faster in the DOS window because back- 
ground processing is suspended while the 
program runs in the MS-DOS window. 

Despite the minor glitches mentioned 
here, C 5.1 ran capably in both the OS/2 
and the MS-DOS windows. With the 
added OS/2 support and the bind utility, 
it makes a useful bridge between the old 
and new operating systems. 


BASIC Compiler 6.0 

The previous release of Microsofts pe- 
neric MS-DOS BASIC compiler (almost 
4 years ago) was the no-hardware-hooks 
BASCOM 5.36. The new BASIC Com- 
piler 6.0, which sits astride the MS-DOS 
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and OS/2 operating systems, has features 
and functions that let you access the 
world of multitasking. 

With OS/2, BASIC leaves the single- 
threaded, real-mode safe harbor of MS- 
DOS and enters the turbulent waters of 
multiple-threaded protected mode where 
event trapping, inlerprocess communica- 
tion, and dynamic linking become impor- 
tant. For BASIC programmers, “05/2 
programming” will become synonymous 
with “complexity.” 

Like Microsoft's other updated lan- 
guages, BASIC 6.0 comes on several 
disks—seven in this case. However, a 
prompt-driven setup program makes the 
installation of the program relatively 
easy. Іп addition to new statements and 
functions to facilitate interprocess com- 
munication and multitasking, BASCOM 
6.0 lets you call OS/2 functions directly 
from BASIC. You can use event-trapping 
functions in either real or protected 
mode. 

BASCOM 6.0 is really QuickBASIC 
4.0 in another guise; the BASIC part of 
BASCOM 6.0 is functionally the same as 
QuickBASIC 4.0. The QuickBASIC 4.0 
environment, including editor and 
threaded p-code interpreter, comes with 
the distribution disks for BASCOM 6.0. 
The documentation for BASCOM 6.0 is 
the QuickBASIC 4.0 manual set. 

Even though BASCOM 6.0 offers two 
environments, only one runs in protected 
mode. The QuickBASIC 4.0 environ- 
ment runs exclusively in real mode; you 
can create programs in that environment 
and then compile the resulting source 
code in protected mode with the BAS- 
COM 6.0 compiler, BC.EXE. You can 
also invoke BC. EXE in real mode and the 
compiler automatically emits an object 
file suitable for real mode; invoked in 
protected mode, BC.EXE creates an object 
file for protected mode. The one thing 
that BC. EXE cannot do, however, is create 
programs that run in both real and pro- 
tected mode, programs that Microsoft 
calls "bound applications.” 

With the addition of seven new 
keywords to support OS/2 programming, 
the new Microsoft Editor, CodeView, 
and a new segmented linker, BASCOM 
6.0 is more than a simple enhancement to 
QuickBASIC 4.0. With the additional 
tools, programmers can choose the 
QuickBASIC 4.0 development environ- 
ment, or they can opt for using the Micro- 
soft editor and the stand-alone compiler 
and linker. 

The new BASCOM version doesn't 
support IOCTL/IOCTL$, INP, OUT, PAL- 
LETTE/PALETTE USING, PEN, PLAY, 
SOUND, STICK, or WAIT in protected 
mode. Some statements—BLOAD/ BSAVE, 
CALL, PEEK/POKE, and VARSEG—func- 
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C Optimizing 
Compiler 5.1 


Minimum system 


448K bytes of RAM 
One double-sided floppy drive 
and a hard disk drive 


Price 


$450 
5,0 owners - free 
4.0 owners - $150 


OS/2 1.0 or MS-DOS 2.1 


(or higher) 
BASIC Compiler 6.0 


320K bytes of RAM 
Two double-sided floppy drives 


$295 
5.36 owners - $99 


OS/2 1.0 or MS-DOS 2.1 


(or higher) 


FORTRAN Optimizing 320K bytes of RAM 
Two double-sided floppy drives 
05/2 1.0 or MS-DOS 2.1 


Compiler 4.1 
(or higher) 
Macro Assembler 5.1 


(or higher) 


Pascal 
Compller 4.0 


(or higher) 


OS/2 Programmer's 
Toolkit 


320K bytes of RAM 
Two double-sided floppy drives 
OS/2 1.0 or MS-DOS 2.1 


320K bytes of RAM 
Two double-sided floppy drives 
OS/2 1.0 or MS-DOS 2.1 


320K bytes of RAM 
One double-sided floppy drive 


$450 
4.0/4, t owners - $50 
3.хх owners - $150 


$150 
5.0 owners - $15 
4.0 owners - $75 


$300 
3.32 owners - $40 
3.3 (ar before) - $75 


$350 


and a hard disk drive 


OS/2 1.0 


Windows 2.03 
Software 
Developer's Kit 


640K bytes of RAM 
One double-sided floppy drive and 
2 megabytes of available storage 


MS-DOS 3.0 (or higher) 
Graphics adapter card 
Windows 2.0 (or higher) 
Windows/386 (optional) 
Microsoft-compatible mouse 


tion somewhat differently in protected 
mode. BASCOM 6.0 also does not offer 
EGA, УСА, or Hercules graphics sup- 
port in protected mode. Otherwise, BAS- 
COM 6.0 mirrors QuickBASIC 4.0. Like 
QuickBASIC 4.0, BASCOM 6.0 offers 
two options for arithmetic support in 
either real or protected mode. One option 
emits in-line code for use by a math co- 
processor, if present, or emulates copro- 
cessor functions in software when no co- 
processor is present. The other option 
offers a software-only math package that 
uses a subset of IEEE-754 Binary Float- 
ing-Point Standard number formats. 

The major difference in the two ver- 
sions of BASIC lies in the way you create 
programs for real and protected mode. 
Linking under OS/2 is much more in- 
volved than under MS-DOS. BASCOM 
6.0's linker can be used in either real or 
protected mode, but in protected mode 
the number of linking options is greater. 


This increased number of options lets you 
modify libraries, override default librar- 
ies, combine libraries, and create ex- 
tended run-time modules of your own 
functions. You can call OS/2 functions 
from within your BASCOM 6.0 pro- 
grams by using the DOSCALLS.BI file, 
added to your program with a /1nelude: 
DOSCALLS.BI statement. This file con- 
tains declarations for OS/2 function calls 
and type definitions for data structures 
used by OS/2. 

While BASCOM 6.0 lets you use some 
of OS/2's facilities, it will not let you 
create multiple threads from within a pro- 
tected- mode BASIC program. You can 
call external routines or create a process 
that creates multiple threads. Multiple 
threads within a BASCOM 6.0 program 
are not possible because BASCOM 6.0 
run-time routines are not reentrant. 

BASCOM 6.0 provides record- and 
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| Table 2: Results of sample program execution with Microsoft's FORTRAN 


| Compiler 4.1. File sizes for the compiled program gauss were slightly larger in 
| the bound version and ran a litile slower. When running two copies of ihe 
program, the second copy slowed down significantly more than the first. 


multitasking, second copy 


File size Execution time | 
| (bytes) (seconds) | 
| Reaimode 45818 53 | 
| 
| Protected mode 50318 60 

Bound version, 61070 60 

running under OS/2 

Bound version, 61070 76 | 
muttitasking, first copy | 
Bound version, 61070 113 | 


file-locking features in both real and pro- 
tected modes. These features work well 
for networked applications in real mode; 
however, record and file locking are 
more important in protected mode for 
multiprocessing file operations. 

With BASCOM 6.0, programmers 
now have a way to port their BASIC pro- 
grams to the OS/2 protected-mode 
environment. 


FORTRAN Compiler 4.1 

Microsoft's newest version of its optimiz- 
ing FORTRAN compiler lets you create 
.EXE programs that run under MS-DOS 
3.0 or higher (including the DOS com- 
patibility box of OS/2), OS/2 protected 
mode, or under both operating systems. 
The package also supports the use of 
DOS and OS/2 environment variables to 
specify frequently used command-line 
options, and it includes switches for com- 
piling and linking under 05/2 or DOS. 

Аза further convenience for software 
developers who will be compiling for a 
wide variety of systems, the FORTRAN 
compiler lets you specify, on the com- 
mand line, that a particular default li- 
brary not be searched during linking. 
You can even set up code overlays on the 
command line. 

Installation of the 10-disk package 
takes a few minutes but is fairly simple, 
thanks to the well-designed installation 
program. We found it particularly helpful 
be able to run through the entire setup 
procedure on a "dry гип" basis, using ап 
option presented at the beginning of the 
setup procedure. Át various points during 
the process, the program gives you the 
option of learning more about a given 
subject before making a crucial setup 
decision; for instance, whether to install 
for 80x87 hardware or emulation, and 
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whether to build a medium- or large- 
memory model library. 

While testing a prerelease version of 
the package on a Compaq Deskpro 
386/20 running OS/2 version 1.0, we put 
many of these new features to use. For in- 
stance, the commands to compile, link, 
and bind a test program called gauss. for 
were 


FL /AL /FPe /04 {21 fc gauss. for 
link /NOD:llibfore.lib llib- 
fep.lib gauss+c:\lib\apilmr,,,,; 


and 


bind gauss e¢:\lib\api.lib 
e:\lib\doscalls.1ib 


To see how the various compiling options 
worked, we used the 300-line numerical 
approximation program gauss.for and 
compiled the program for real mode, pro- 
tected mode, and both (using the bind 
utility). Table 2 summarizes the results. 
Not surprisingly, .EXE file sizes were 
largest on the bound version and smallest 
on the real-mode version. The real-mode 
version ran 15 percent faster than the 
OS/2 versions, which is also to be ex- 
pected due to the greater overhead of the 
multitasking OS/2 operating system. 

Just to demonstrate the latter feature 
(multitasking), we started a second copy 
of the program running while the first 
copy was running. This slowed down the 
times somewhat, but otherwise every- 
thing worked fine. (The second copy ran 
considerably slower than the first, 
because the first copy was assigned to 
the active window proup and thus had a 
higher priority in the multitasking 
scheduler.) 

FORTRAN 4.1 may be the first tool to 


open up OS/2 systems to mainframe ap- 
plications. According to Microsoft 
spokesman Greg Lobdell, beta testers of 
FORTRAN 4.1 in the aerospace industry 
have been especially pleased with the 
OS/2 version, which lets them run IBM 
VS and DEC VAX mainframe applica- 
tions requiring very large memory spaces 
(up to 128 megabytes) on their 
80286/80386 personal computers. (In 
practice, the upper limit for virtual mem- 
ory may be iess, depending on the 
amount of free space on the disk drive.) 


Macro Assembler 5.1 

Gone are the days when assemblers 
seemed geared to programmers who were 
apparently happy to work with the soft- 
ware equivalents of flint axes and bone- 
bladed knives. Microsoft's latest release 
of its macro assembler, MASM 5.1, ar- 
rived on five disks filled to the gunwales 
with the assembler and supporting util- 
ities: LIB (the library manager), LINK, 
the CodeView symbolic debugper, 
Microsoft's program editor, an entire 
disk of CodeView tutorial, demonstration 
programs with "glue code" for attaching 
assembly language routines to high-level 
languages, and more. 

MASM 5.175 foremost improvement 
over MASM 5.0 is, of course, its support 
for and ability to run under OS/2. There 
are actually two versions of the MASM.EXE 
program provided with 5.1--опе that 
runs only under MS-DOS, and a bound 
version that executes under DOS 3.x as 
well as OS/2. 

The documentation we received 
contained about seven pages covering 
OS/2 and included sample code frag- 
ments illustrating OS/2's calling conven- 
tion. If you're counting on using MASM 
to create programs that run under either 
MS-DOS or OS/2, you'll discover most 
of your work will ро into creating judi- 
cious macros governed by assembly 
switches to emit code based on the target 
operating system. 

The update information for MASM 5.1 
also boasted that the MS-DOS version of 
the assembler was faster than its ances- 
tors thanks to a better use of far memory, 
while the OS/2-compatible version was 
billed as being slightly slower. Although 
there's no way we knew whether 5.1 uses 
memory more intelligently than its prede- 
cessors, we did run a sample assembly of 
the same 62K-byte source file under both 
MASM 5.0 and a prerelease version of 
5.1. 

Оп а Compaq 386 running Compaq 
DOS at 20 MHz with а 40-megabyte hard 
disk drive, all assemblies (we ran three— 
one for 5.0 and one each for the two new 
5.1 versions} yielded identical object 
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MICROSOFT LANGUAGES UPDATE 


it could be that the best 
news about the latest 
macro assembler is that 
there is no bad news. 


files (that was a relief) in around 8.5 sec- 
onds; any difference in the times was im- 
measurable. We should point out that the 
code we were compiling did not use any 
new OS/2 features, so the resulting object 
file was for MS-DOS only. Had we 
added the DOS bindings (in the file DOS- 
CALLS.LIB) when we assembled with 
5.1, the resulting object code would cer- 
tainly have been larger. 

MASM 5.175 most attractive new fea- 
tures, however, have to be the numerous 
embellishments its designers have added 
to macros and compiler directives: exten- 
sions to the PROC and MODEL directives to 
ease interface to high-level languages, a 
new LOCAL directive for creating and ma- 
nipulating stack-based local variables, 
and ELSEIF—which lets you considera- 
bly simplify complex IF constructs in 
conditional assemblies. 

MASM 5.1 also adds predefined text 
macros that allow a program to query its 
intended environment at assembly time. 
For example, if you've set the target CPU 
for an assembly using an assembly lan- 
guage directive (such as .286), you can 
perform conditional assembly based on 
the value of @CPU. This value's bit set- 
tings indicate which processor and/or co- 
processor you've selected. Finally, with 
MASM 5.1 you can explicitly indicate 
pointers within data declarations; this lets 
you properly view the data item as a 
pointer when debugging with CodeView. 

Overall, this is an update for MASM 
that was certainly called for by the on- 
coming OS/2, and we're happy to see that 
MASM's designers are paying attention 
to everyone out there attaching assembly 
language routines to high-level lan- 
guages. What we're saying here is “по 
big surprises," and it could be that the 
best news about MASM 5.1 is that there 
is no bad news. 


Pascal Compiler 4.0 
In Pascal these days, the key number is 
4—as in Turbo Pascal version 4, and now 
the Microsoft Pascal Compiler version 4. 
Faced with keen competition from the 
low-cost Turbo product from Borland, 
Microsoft has enhanced its own Pascal 
with a number of key features, including 
OS/2 support, the CodeView debugger, 
and a text editor. 

The new compiler’s support for 08/2 


will probably be its most noteworthy fea- 
ture. Most of the significant programs in- 
cluded with the compiler are bound, 
meaning that they can be run under either 
MS-DOS or OS/2. In addition, you can 
choose to have your own programs 
bound, or you can link them so that they 
are specifically tailored to either MS- 
DOS ог OS/2, Thus, you сап develop 
OS/2 programs in the familiar MS-DOS 
environment. Or, you can develop MS- 
DOS programs under OS/2. The latter 
approach should not be overlooked, since 
the OS/2 environment should allow more 
memory for debugging purposes and 
multitasking. 

Note, however, that one should be 
careful when programming for multitask- 
ing. The procedures and functions in the 
Pascal library are not reentrant. Thus, 
you should be careful not to enter a par- 
ticular function until you are sure that no 
other part of your program is using it. 

The new Pascal also features Code- 
View for the first time. This version of 
Microsoft's source code-level debugger 
now includes the ability to evaluate some 
Pascal expressions. It also uses virtual 
memory, which suggests that mernory 
limitations should not occur even under 
MS-DOS. 

Another new feature for Microsoft's 
Pascal is a text editor. Like the other new 
language products, the new Pascal in- 
cludes Microsoft's Editor, a fairly 
straightforward text editor that reportedly 
can be linked to the compiler. Áccording 
to Microsoft, you can run the compiler 
from the editor and instruct the compiler 
to pass error information back to the edi- 
tor. The result should be a rough approxi- 
mation of the programming environment 
provided by the Turbo languages. The 
editor is a bit complicated, however, and 
many programmers will probably opt to 
configure it to suit their own preferences 
or to use their own favorite editors. 

The older versions of Microsoft Pascal 
required two passes to compile a pro- 
gram, each pass performed by a separate 
program (December 1986 BYTE). Three 
passes were needed if you wanted an ob- 
ject code listing. The new version still 
does at least two passes, but you can cali 
all three passes and the linker program 
with a single driver program called the 
"PL driver." This obviates the need to 
construct complex batch files, Note, 
however, that you can still pass com- 
mand-line options to the individual 
passes and to the Imker via the command 
line that invokes the PL driver. 

À number of other goodies are prob- 
ably included in the other new languages. 
These inciude a MAKE program, which 
should automate the process of checking 
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to be sure that a program is based on the 
latest source and object files, 

As for performance, we did some tests 
using a prerelease version of the compiler 
running under MS-DOS. A full analysis 
of the speed of the program under both 
MS-DOS and OS/2 will have to wait for a 
full review, but Microsoft assured us that 
any benchmark results we obtained 
would be similar to those of the shipping 
product. 

On our Sieve test, an MS-DOS pro- 
gram executed in 3.77 seconds on a PC 
AT clone, about 3 percent faster than the 
same program compiled under the previ- 
ous version of Microsoft Pascal (version 
3.32). A bound version of the program 
running under MS-DOS ran at the same 
speed as the DOS-only version. By con- 
trast, the same program produced by 
Turbo Pascal version 4 required 33 per- 
cent more time. 

As for program size, the DOS-only 
version of the Sieve program weighed in 
at 31K bytes, while the bound version 
was 42K bytes. The same program pro- 
duced by the previous version of Micro- 
soft Pascal was 32K, but the Turbo ver- 
sion was a mere 3K. 

For floating-point calculations, the 
new compiler has a numeric-copro- 
cessor-emulator option similar to that 
used on the older versions of the com- 
piler. When a program is compiled with 
this option set, it will use an 8087 or 
80287 coprocessor if found, or it will em- 
ulate these coprocessors if they are not 
present. To get a rough idea of the perfor- 
mance in this area of computations, we 
ran a floating-point benchmark without a 
coprocessor. The benchmark ran 10 per- 
cent faster than a similar program com- 
piled under the previous Microsoft Pas- 
cal. The Turbo version, however, was 26 
percent faster than the new version. 

One other feature of the new Pascal 
compiler is that it should have less of a 
tendency to run out of memory. It now 
uses far memory to store the table of sym- 
boi names, instead of storing these names 
in a single segment along with the stack. 
This should mean that the symbol table is 
limited only by system memory and that 
the stack can grow much larger. 

Microsoft Pascal 4.0 comes on nine 
54-inch floppy disks and, when com- 
pletely loaded on your hard disk, takes up 
about 2.5 megabytes. This alone is an in- 
dication of significant change—the last 
version consisted of only two disks. 


Development Kits 

In addition to OS/2 language functional- 
ity, Microsoft has introduced software 
tools to further encourage the develop- 
ment of OS/2-based applications. For the 
most part, these development packages 


consist of lots of documentation with 
some accompanying software. 

The OS/2 Programmer's Toolkit, for 
instance, can be used with any of the five 
language compilers described earlier and 
is made up of three manuals: Тһе 05/2 
Programmer's Reference Manual is a 
comprehensive description of 08/2 sys- 
tem functions, structures, and file for- 
mats; the OS/2 Programmer's Learning 
Guide describes 05/2 programming 
techniques; and the OS/2 Programming 
Tools explains the software tools and util- 
ities provided with the Toolkit. Among 
those tools are the BIND.EXE utility (de- 
scribed earlier), API.LTB (a library used 
in conjunction with BIND.EXE, contain- 
ing the functions for applications that can 
run in both MS-DOS and 05/2 environ- 
ments), and IMP.LIB (a utility that helps 
programmers create DLLs). 

The Windows 2.03 Software Develop- 
er's Kit (SDK) also consists of three man- 
uals: the Windows Programmer's Learn- 
ing Guide, the Windows Programmer's 
Reference Manual, and the Windows Ex- 
tension Manual. (Version 1.04 of the 
SDK did not include a Learning Guide.) 
The SDK provides information ranging 
from a description of all the Windows 
functions, messages, data types and 
structures, and file formats to a step-by- 
step guide to creating Windows applica- 
tions, It also provides an exhaustive dis- 
cussion of the Tag Image File Format 
(TIFF) and Dynamic Data Exchange 
(DDE) characteristics. 

In terms of the software, the differ- 
ences between the SDK 1.04 and 2.03 are 
anew API, which provides 15 new func- 
tions and messages; updated utilities, in- 
cluding new font and dialog box editors; 
and a new screen-capture feature called 
SNAP that lets you copy selected regions 
of the screen instead of the entire screen 
(as did the 1.04 SLAPIR utility). Addi- 
tionally, a debugging aid called SPY has 
been added to let you "spy" on messages 
passed from Windows to the application. 
This debugging tool is selective in that 
you can specify the type of message (i.e., 
DDE, mouse, Clipboard, and so on) to 
monitor. 

Furthermore, a couple of new files 
have been added, particularly an assem- 
bly language include file (1.04 had only 
C and Pascal include files), new floating- 
point libraries, and the capability to instill 
within applications the automatic checking 
of host personal computers to see if a 
math coprocessor chip is present. № 
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dBASE IV: 
A Paradox Killer? 


Ashton-Tate 's long-awaited new edition of dBASE ups the ante 
against competitors like Paradox and R:base 


[== aced with strong competition from 
mm rival database managers, Ashton- 
i Tate is reasserting its leadership in 
the database market with the release of 
dBASE IV. 
їп addition to major new features such 
as Structured Query Language (SQL) 
support, a source code compiler, and a 
greatly improved user interface, dBASE 
IV appears to meet or beat the capabili- 
ties of its main competitors while pre- 
serving complete compatibility with 
dBASE ПІ. Indeed, Ashton-Tate claims 
that all databases, forms, reports, and ap- 
plications developed in dBASE III will 
run without modification in dBASE IV. 
Ashton-Tate is billing dBASE IV as the 
crucial first step in developing complete 
database connectivity between personal 
computers, “workgroup environments, " 
and mainframe SQL databases. But, al- 
though dBASE IV supports a complete 
set of SQL commands either in interac- 
tive command mode or as embedded 
commands in dBASE programming 
code, there is no provision for transfer- 
ring data between dBASE and SQL data- 
bases. In other words, the SQL imple- 
mentation is useful only for developers 
who want to write code that they can 
eventually port to SQL environments. 
True portability of SQL and dBASE ТУ 
databases will have to wait for the SQL 
Server system planned for OS/2, which 
was announced in January in conjunction 
with Microsoft and Sybase. Ultimately, 
Ashton-Tate's goal is to make dBASE the 
database of choice on Unix and VMS file 
servers as well as on MS-DOS and OS/2 
systems. 


Leaving the Past Behind 

While dBASE IV might be a stepping 
stone to the future, it is also a major break 
with the past. Until now, dBASE has al- 
ways had a reputation for being hard to 
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learn and hard to use, requiring a great 
deal more programming than its competi- 
tors. Ashton-Tate has answered this criti- 
cism with a completely redesigned menu- 
driven user interface (though you can still 
use the familiar dot prompt if you want) 
plus an improved applications generator, 
keyboard macros, and a query-by-exam- 
ple (QBE) feature similar to that found їп 
Paradox. 

In addition, new reports and form gen- 
erators include menu-driven screen de- 
signers, calculated fields, data valida- 
tion, box and line drawing, and other new 


features for customizing input and output 
screens. The new dBASE also includes a 
facility for automatically generating 
graphs and charts on Ashton-Tate's 
Chart-Master graphics software. You do 
have to exit from dBASE, however, to run 
Chart-Master. 

The dBASE IV database structure is 
fully compatible with earlier dBASE ver- 
sions but includes a new floating-point 
data type with 64-bit numerical preci- 
sion. Also, you can now manipulate data 
in memo fields as you would other text 
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fields, which you could not in dBASE Ш. 

Another enhancement to the database 
structure is the ability to combine multi- 
ple databases into a view or "pseudo" 
database, which looks like any other 
database. This means you can work with 
forms, reports, and application code that 
access the view and automatically extract 
and update data from the databases linked 
to the view. This feature makes relational 
operations far less complex than in earlier 
dBASE versions. However, you can have 
only one view or database on the screen 
at a given time, unless you resort to 
programming. 

The latest dBASE also has automatic 
indexing with up to 47 indexes per data- 
base file. Although you can stil] create 
your own NDX index files, the automatic 
indexing feature eliminates the need for 
them in most situations. 

The dBASE IV package includes up- 
grades to the dBASE programming and 
command language. These include а li- 
brary of financial and mathematical func- 
tions, a “template language" for custom- 
izing the applications generator, 
commands for creating windows with 
pop-up and pull-down menus, and a new 
multiple-window debugger. The win- 
dowing capability allows applications de- 
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velopers to create windows on the screen 
that can display multiple databases 
simultaneously. 


Object-Code Compiler Adds Speed 
The new package also includes a com- 
piler of sorts. dBASE IV's new compiler 
produces a type of object code that, ac- 
cording to Ashton-Tate, makes dBASE 
programs execute up to 9 times faster than 
in dBASE III. 

The compiler produces files with a 
‚ОВО file extension rather than the . EXE or 
.COM files produced by most other com- 
pilers. A special Build utility in a devel- 
oper's version allows you to link com- 
piled programs together. 

Finally, dBASE IV includes improve- 
ments for multiuser applications. These 
include transaction processing, error re- 
covery, password security and encryp- 
tion, and automatic record and file lock- 
ing, with an indicator identifying which 
workstation 15 locking the file or record. 

dBASE IV will be available for both 
MS-DOS and OS/2. The MS-DOS ver- 
sion requires 640K bytes of RAM and 
automatically uses extended or expanded 
memory, if either is present. 

When dBASE ships in July, it will be 
in two editions: the standard dBASE IV 


($795) for productivity users, and the 
Developer's Edition ($1295) for serious 
programmers and applications develop- 
ers. The two are the same except that the 
Developer's Edition includes additional 
documentation for programmers and de- 
velopers, plus the Build utility for linking 
compiled source code, unlimited run- 
time support, and LAN keys for testing 
multiuser applications. 

А report provided by Ashton-Tate 
summarizing the differences between 
dBASE IV and dBASE III is over 50 
pages long. There obviously isn't space 
here to discuss all the other new or 
enhanced commands and functions. But 
it is clear that Ashton-Tate's objective is 
to silence ils critics and to expand its al- 
ready overwhelming share of the data- 
base market. Ш 


[Editor's Note: We based this First Im- 
pression on product demonstrations and 
early documentation provided by Ashton- 
Tate. We are planning io provide a more 
detailed review of the product in the near 
future, | 


Nicholas Baran is an associate technical 
editor of news and technology at BYTE 's 
San Francisco office. 
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Create a 5.25" | 
Diskette that reads ^ 
right on any drive. 

Pass it around. Never 
a compatibility problem 
system-to-system.New 2- 
piece protective packaging 
anderror-free performance 
warranted for life accent the 
BASF commitment to tech- 
nological leadership and 
business solutions. Call 800- 
343-4600 for the name of 
your nearest supplier. 


The Spirit of Innovation. 


bb is 6:33 pm. The lines are down. And 
shes the closest thing loe got loa technician. 


Meanwhile, I've got a sales guy here waiting 
to close a half millon-dollar deal, and hes 
screaming bui aca my order go through.’ I 
have no clue. My technical staff 15 home watching 
the game. And all I keep thinking 1$ whatever 
happened to that word reliability? If I could have 
anticipated the problem, at least I would have had 
icadquarter: eter start allera io ATRT about 

$ 
getting a network management system. Or they 
can find themselves a new whipping boy. 


AT&T comes through. gy 


There's no great mystery to improving your operating 
efficiencies. You just have to start with fail-proof data com- 
munications equipment. As follows. 

ARTS DATAPHONE Ц System Controller manages а 
fully integrated network of modems (analog, private line, 
switched network), multiplexers (statistical, T-1), and digital 
service units res private - “Те 

Nelu any size can be managed а single 
point, so problems can be readily pinpointed and corrected. 

Real-time diagnostics and re-routing help anticipate 
system failures and reduce downtime. Complete monitoring 
includes customized reports, menus and graphic displays that 
let you fine-tune your network. 

To learn more, contact your AT&T Account Executive. Or 
call 1 800 247-1212 for the pci bagni you. 

From equipment to compulers 
to communications, ABT is hdc 
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Best 
of the 
24—pin 
Printers 


George А. Stewart 


PRODUCT FOCUS 


Speed and print-quality tests 
reveal the best values 
among 37 dot-matrix printers 


electing a dot-matrix printer can be 
© a maddening experience. You have 

to weigh differences in price, 
speed, and print quality, and then hack 
your way through a morass of specifica- 
tions and descriptions of font cartridges, 
buffer sizes, emulations, and control 
panels. 

But the factors that really rnatter are 
speed and quality, and if you insist on 
having both in one printer, you'd better 
focus your attention on 24-pin dot-matrix 
printers. Traditionally the top of the line 
in terms of price and quality, some of the 
new models rival 9-pin printers in both 
speed and price. 

To help you in the selection process, 
we tested 37 of the newest 24-pin dot- 
matrix printers: We've grouped them into 
four categories so you can quickly focus 
on the ones that fit your budget: low 
($499 to $999), middle ($1000 to $1499), 
high ($1500 to $1999), and deluxe 
($2000 to $2499). 

The good news is that bargain hunters 
have the widest choice: Almost half the 
units fall into the low-price category. In 
last year's dot-matrix-printer roundup 
(April 1987 BYTE), only four 24-pin 
printers, out of 15 tested, fell into that 
range. Further good news is that the char- 
acter-per-second (cps) speeds are up. 
Last year's top three ratings in "top qual- 
ity font" throughput at 10 characters per 
inch (cpi) were 94, 96, and 104 cps; this 
year, the top three were timed at 103, 
118, and 138 cps. Speeds in draft and 
graphics modes also showed similar 
increases. 

All the printers we tested meet certain 
minimum standards. For example, char- 
acter pitches of 10, 12, 17.1, and propor- 
tional spacing are universally available. 
All the units have parallel interfaces; 
serial interfaces are also available on all 
the printers, either as an option or 
standard. 

All the printers emulated at least one 9- 
or 8-pin printer, typically an IBM Pro- 
printer, an ГВМ 5152 Graphics Printer, 
or an Epson FX printer. However, these 
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emulations will not give you the full 
capability of a 24-pin printer. For that, 
these printers need to emulate a 24-pin 
standard like the Epson LQ or the To- 
shiba P351. All the printers we tested had 
one or more emulation modes for taking 
advantage of 24-pin capabilities. When 
more than one standard was available, we 
selected the emulation that gave the best 
results. 

For this review, we selected wide-car- 
riage models (using up to 15-inch-wide 
paper) unless only a narrow-carriage 
model was available. Narrow-carriage 
models (using 8'4-inch-wide paper) are 
generally $200 to $300 less than their 
wide-carriage counterparts, Thus, if you 
don't need the wide-paper capability, you 
can save some money without sacrificing 
anything in terms of performance or 
quality. 

Table 1 lists the printers by price cate- 
gory, along with individual specifica- 
tions and features. One significant speci- 
fication is the MTBF (mean time between 
failure) rating, a manufacturer's rating of 
the durability of a printer. 

One relatively new feature for printers 
is forms parking, the ability to automati- 
cally retract one type of paper already in 
the printer—like multipart forms—to let 
you insert and print on a single sheet like 
letterhead, and then to automatically re- 
load the multipart forms. This feature, 
available on only a few printers we tested, 
increases the versatility of a printer for 
office use; 24-pin printers are often 
called upon to do letters as well as forms 
printing. Another extra-cost option of- 
fered for most of these units is an auto- 
matic sheet-feeder bin. 


Testing Criteria 
We measured throughput, sound level, 
and print quality on each printer, using 
an IBM PC AT running at 8 MHz to drive 
the printers. 

80-column text throughput. This is a 
realistic measurement of print speed 
using a typical document. Our 80-col- 
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Table 1: The 37 24-pin dot-matrix printers we tested vary widely in price. The printers are grouped here according to 
price category, with other key specifications and features listed. 


Manufacturer/Model Price Carriage Resident Plug-in font Draft-quality/ Forms 
fonts: cartridge top-quality switch? parking? 
Price category: Low 
Epson 102-600 $499 narrow 3 e о Ф 
МЕС Р2200 $499 narrow 5 w e Ф 
Seikosha 81 -В0АІ $549 narrow 1 © 9 © 
Copal WH 6700 $795 wide 1 е e О 
Epson LO-850 $799 narrow 3 Ф © О 
Printronix P1013 $895 narrow 1 & e e 
Panasonic KX-P1524 $899 wide 1 Ф 3 е 
Brother M-1724L $949 wide 1 е ® - 
Citizen Tribute 224 $949 wide 1 e $ о 
ALPS А0324 $995 wide 1 e 9 О 
Fujitsu 013400 $995 wide 1 е Ф о 
NEC P7 $995 wide 2 d о О 
Sanyo PR-241 $999 wide 7 О е е 
Star Micronics NB24-15 $999 wide 1 ә E ә 
Toshiba P341SL - $999 wide 3 e o © 
Price category: Middle 
IBM Proprinter XL24 $1049 wide 1 е э a 
|, Dataproducts 9044 $1099 wide 2 & е О 
Epson LQ-1050 $1099 wide 3 e о о 
Facit B3450 $1245 wide 2 e Q Q 
C. Itoh C-715A $1295 wide 1 e a © 
Nissno NP-2405 $1295 wide 2 Ф О Ф 
ALPS P2400C $1395 wide 1 e . О 
Okidata Microline 393 $1399 wide 2 € e Q 
Star Micronics NB-15 $1399 wide 1 е ай 6; 
Epson LO-2500 $1449 wide Б e О О 
Fuptsu DL2600 $1495 wide 1 . т е 
NEC PSXL $1495 wide 2 e O O 
Toshiba Р3815Х $1499 wide 4 * © О 
Price category: High 
Radio Shack DMP-2120 $1599 wide 1 о Ф О 
AT&T 477 $1695 wide 1 - е о 
Hewlett-Packard RW 480 $1695 wide 2 ғ o e 
Nissho NP-2410 $1745 wide 2 e С © 
NEC P9XL $1795 wide e Ф е o 
Mannesmann Tally MT330 $1799 wide 1 € © ә 
С. Itoh С-815 | $1995 wide 2 е О О 
Price category: Deluxe 
Fujitsu DL 5600 $2195 wide 1 è ia О 
Japan Digital Laboratory JOL-850 $2495 wide 2 е о ^ 


Notes 

МА —Information not available from manufacturer. 
9 —Feature is available. 

Q—Feature is not available. 


! The number of built-in 10-pitch fonts. 
2 Draft-quality/top-quality switch impties that each font can print 
in draft quality or top quality. 


umn ASCII document consists of five 
pages (330 lines) of single-spaced text 
with l-inch margins, indented para- 
graphs and ragged right margins, and 
with three tables on the last page. The 
text contains no special attributes like 
underlining or boldface. 

As with all the tests, we transferred the 
data from a hard disk file to the printer 
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using the PC-DOS copy fi1e command. 
We started the timer when the command 
was entered and stopped the timer when 
the last line was printed. 

We timed the printers in draft-quality 
mode and in top-quality mode (variously 
referred to by manufacturers as letter 
quality, near letter quality, or correspon- 
dence quality; we always used the highest 


quality available). 

132-column text throughput. To test 
the printers оп 132-column text, we used 
a full page (66 lines) of numbers divided 
into 11 columns, similar to a financial re- 
port or spreadsheet. We measured the 
time for draft quality and top quality at 10 
cpi. To allow testing of the narrow-car- 
rage printers, we also ran the test using 
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RR 


3 Refers to automatic forms parking only. 


4 Maximum copies includes origina] and applies to carbonless forms. 


17.1 cpi, draft mode, producing 8-inch 
instead of 13-inch lines. (At 17.1 cpi, 
draft mode is of higher quality than at 10 
cpi because of the higher dot density.) 
Throughput values are inevitably lower 
than the cps speeds quoted by the manu- 
facturers. The manufacturer’s rating is 
actually the highest speed the printer is 
capable of on a single line. Our tests take 


Maximum Input buffer MTBF* Dimensions (inches) Weight Comments? 
copies* standard optional height by width by depth (pounds) 
3 8 0 4000 6 x 15 x 13 15 Pitch-select by software only 
3 8 0 4000 6 x 15 x 11 11 Front-load cut sheets; compact 
3 16 0 3200 6 x 16 x 13 15 Pitch-select by software only 
3 18 32 4000 5 x 23 x 15 24 Light-duty tractor mechanism 
A 6 32 4000 6 x 17 x 14 20 
3 2 0 4000 5 x 16 x 12 19 24-pin hammer-bank mechanism 
4 . 1 32 4000 6 х 24 x 15 35 Versatile paper handling 
4 0 32 4000 5 x 20 x 12 19 Versatile paper handling 
4 24 0 5000 5 x 23 x 14 17 NC model Tribute 124, $699 
4 7 64 5000 6х19х 16 31 МС model А0224, $695 
3 24 0 8000 5 x 23 x 14 27 NC model DL3300, $795 
4 18 32 5000 4 x 22 x 13 25 NC model P6, $699 
| 4 — CP — Оши 8000 d. 4x22x13 | _ 20 Awkward to configure 
3 5 16 NA 5 x 23 x 15 33 NC model NB24-10, $749 
3 32 32 МА 4х16х15 _ 18 NC model P321SL, $749 
2 6 0 МА 5х23х14 2? МС model Proprinter X24, $799 
4 32 0 5000 5 x 23 x 13 27 NC model 9034, $899 
4 16 32 6000 6 x 24 x 14 26 NC model LQ-850, $799 
4 16 0 4000 7 x 25 x 16 33 Versatile paper handling 
4 32 0 7200 5 х 25 х 15 38 Plug-in emulation cards 
5 6 30 6000 B x 24 x 15 33 Full-feature control panel 
6 4 252 6000 7 x 25 x 18 4d Versatile paper handling 
4 30 0 4000 7х16х22 37 Versatile paper handling 
3 16 16 NA 5x 23 х 15 33 
4 8 32 6000 6 x 23 x 15 26 
5 8 0 6000 6 x 22 x 15 40 
4 8 32 7000 6 x 23 x 15 37 
6 — 32 32 МА бх 23х16 /| 33 Versatile paper handling 
5 0 [ 3000 8 x 23 x 15 50 Manual forms parking 
5 8 0 6000 6 x 22 x 15 40 Easy configuration dialogue 
4 2 16 20,000 B x 24 x 14 35 Front-oading forms 
9 6 48 6000 6 x 24 x 17 41 Versatile paper handling 
6 16 32 7000 6 x 28 x 15 37 Automatic paper loading 
4 0 32 4800 7x24x 17 55 Difficult ribbon loading 
4 42 0 7200 6 x 23 x 16 33 
8 24 0 8000 7x24 x 15 45 Versatile paper handling 
4 128 0 4000 8 x 26 x 17 43 Includes HP plotter emulation 


5 Mean time between failures, in hours, as quoted by manufacturer; 


the rating systems vary among manufacturer—most 


are for a 25 percent duly cycle. 
6 NC stands for narrow-carriage counterpart. 


into account the time required to advance 
the paper and position the print head to 
the start of the next line. 

Table 2 presents al] the throughput fig- 
ures in cps and lines per minute (Ipm). 
The cps figures are given to ease compar- 
ison with last year's results; lpm is а 
more standard unit of measurement for 
throughput. Characters per second is 


simply the document length in bytes di- 
vided by the number of seconds to print 
it. Lines per minute is the document 
length in lines divided by the number of 
minutes required to print it. Keep in mind 
that 66 lpm is equivalent to one page per 
minute, in either 80-column or 132-col- 
umn printing. 

continued 
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Table 2: Throughput ratings for 80-column and 132-column text reveal clear leaders in each price category. Higher 


numbers signify faster performance. 


80-column throughput 132-column throughput 
Manufacturer/Model draft, draft, top, top, draft, draft, top, top, cond. cond., | 
cps ipm cps {рт cps {рт cps lpm cps ipm 

Price category: Low 
Epson LO-500 101 — 124 44 54 à 4 ; : 124 55 | 
МЕС Р2200 85 105 39 49 i : i 95 42 
Seikosna 51.-8ОА! 56 69 80 7. : г | д 60 26 | 
Сора! WH 6700 102 126 50 62 138 61 60 27 130 58 | 
Epson LQ-850 148 183 64 79 р 4 - қ 173 ?7 | 
Pnntromx P1013 107 132 42 52 и қ : | 130 58 | 
Panasonic KX-P 1524 107 132 48 59 140 62 52 23 124 55 | 
Brother M-1724L 107 132 49 60 128 57 48 21 111 50 | 

|J Citizen Tribute 224 122 151 55 68 149 57 61 27 157 70 | 
ALPS ALQ324 105 130 50 62 147 66 58 26 128 5? 

| Fujitsu OL3400 146 180 58 71 188 84 57 25 155 69 | 
NEC P7 111 137 50 62 138 61 54 24 121 54 
Sanyo PR-241 90 111 49 61 130 58 54 24 85 38 | 
Star Micronics МВ24-15 113 139 50 61 147 66 55 25 79 35 

| Toshiba P341SL 110 135 47 58 145 64 53 23 136 60 | 
Price category: Middle | 
IBM Proprinter XL24 159 196 64 79 173 77 63 28 147 56 
Dataproducts 9044 121 150 61 79 184 82 72 32 149 67 
Epson [192-1050 147 181 64 79 180 80 66 29 176 79 
Facit B3450 134 166 56 69 176 79 66 29 149 67 
С. Itoh C-715A 131 162 63 77 201 90 74 33 166 74 
Nissho NP-2405 139 172 64 79 188 84 73 a2 276 123 
ALPS P2400C 146 180 73 90 215 96 87 39 188 84 
Okidata Microline 393 184 227 B9 119 232 104 92 41 415 141 
Star Micronics NB-15 140 173 62 7? 182 86 72 32 109 48 
Epson LO- 2500 128 158 61 76 173 77 73 de 116 52 
Fujtsu DL2600 146 180 73 90 188 84 76 34 196 88 
NEC P5XL 132 163 57 71 78 35 43 19 82 37 
Toshiba P351SX 165 204 77 96 232 104 88 39 221 99 

, Price category: High 
Radio Shack DMP-2120 150 185 74 91 196 88 77 34 201 90 
AT&T 477 146 180 73 90 192 86 76 34 201 90 
Hewlett-Packard HW 480 191 236 138 171 253 113 155 69 227 102 | 
Nissho NP-2410 169 208 103 127 239 107 132 59 294 132 
МЕС P9XL 170 210 82 101 232 104 90 40 196 88 | 
Mannesmann Тайу MT330 205 253 72 8B 252 113 72 32 7 ds 
С. Itoh C-815 182 225 91 112 252 113 116 52 184 82 
Price category: Deluxe 
Fujitsu DL5600 236 291 118 146 315 141 124 55 368 165 
Japan Digital Laboratory JDL-850 169 208 95 117 226 101 106 47 166 74 


*Test not applicable on narrow-carriage printers. 
* "Would not complete test due to software incompatibility. 


Complex text printing speed. To com- 
pare the printers' speeds on more compli- 
cated text, we used a document consisting 
of various combinations of underlining, 
bold, italic, superscript, subscript, pica, 
and elite fonts. We generated the print file 
using the Xy Write Ш Plus word-process- 
ing program configured with printer 
drivers for Epson LQ, Toshiba P351, or 
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IBM 5152 graphics printers, depending 
on the emulation in each printer. 

These results are not directly compara- 
ble to the 80-column text throughput re- 
sults because the style test is an unrealis- 
tically dense mix of printing styles. It is 
definitely not a throughput test. Table 3 
lists these results in cps only. What is sig- 
nificant about this test is how it ranks the 


printers within the same price category. 
Graphics speed. Two tests measured 
graphics speed. The first test consisted of 
printing four graphs (two scatterplots 
containing lines and circles, a bar chart, 
and a pie chart) on a single page. We pro- 
duced the print file using STATA 1.5, a 
statistical-analysis and data-presentation 
program, configured with a printer 
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Table 3: Epson and Fujitsu printers, along with several others, did well оп 
the style, graphics, and gray-scale tests (higher numbers are preferable). In 
the sound-level ratings, where lower numbers are preferable, each 3-decibel 
increase corresponds to a doubling in the intensity of the sound. 


Manufacturer/Model Style, 
cps 
Price category: Low 
_ Epson LQ-500 67 
NEC P2200 46 
Seikosha SL-80AI s 
Copal WH 6700 59 
Epson LO-850 100 
Printronix P1013 65 
Panasonic KX-P1524 61 
Brotner M-1724L 65 
Citizen Tribute 224 71 
ALPS ALQ324 52 
Fujitsu DL3400 92 
МЕС P7 55 
Sanyo РН-241 52 
Star Micronics NB24-15 3g 
Toshiba P341SL 38 
Price category: Middle 
IBM Proprinter XL24 58 
Dataproducts 9044 34 
Epson LO-1050 105 
Facit B3450 52 
C. Itoh C-715A 39 
Missho NP-2405 60 
ALPS P2400C 70 
Okidata Microline 393 80 
Star Micronics NB-15 45 
Epson LQ-2500 78 
Fujitsu DL2600 105 
NEC P5XL 66 
Toshiba P351SX = 89 
Price category: High 
Radio Shack DMP-2120 76 
ATAT 477 109 
Hewlett-Packard RW 480 68 
Nissho NP-2410 66 
NEC РӘХ. 87 
Mannesmann Tally MT330 р 
| С. itoh С-815 100 
Price category: Deluxe 
. Fujitsu DL5600 171 
Japan Digital Laboratory 
JDL-850 72 


Top-quatity 

Graphics, Отау ваше, sound level, 
cps cps Oe 
850 692 — 72 
830 920 72 
451 329 68 
450 312 69 
1350 1548 71 
683 1173 78 
850 826 75 
931 413 72 
917 т 73 
562 420 69 
1440 627 63 
1255 1024 65 
955 611 68 
705 627 72 
905 404 70 

| 
195 299 73 | 

687 371 72 
1367 1548 71 
1090 790 72 
1186 516 74 
650 855 71 
1000 920 70 
2400 ы 67 
658 430 75 
1459 1192 79 

1588 1399 69 — 
1421 1276 68 
2117 876 70 
465 932 68 
1301 1515 69 
542 B54 69 
683 1039 71 
1928 1914 88 
1069 826 63 
2823 673 71 
3176 2273 68 
497 836 63 


"Would not complete test dua to software incompatibility. 


driver for Epson LQ, Toshiba P351, or 
IBM 5152 graphics printers. The first 
two drivers take advantage of the 24-pin 
high-dot-density capabilities and were 
used wherever possible. (Only the Radio 
Shack DMP 2120 required us to fall back 
ю the IBM graphics printer driver, since 
thet unit's 24-pin graphics command set 
is unique to Tandy.) 


The second graphics throughput test 
consisted of a series of gray-scale patterns 
written for 9-pin printers with IBM 5152 
Graphics Printer emulation. This is a 
very stressful test because the print head 
is constantly working. Some printers had 
to slow down to cool off, reducing their 
effective throughput. For example, the 
Brother M-1724L came to a complete 


stop several times to cool off during this 
ust 


Table 3 includes cps results for both 
graphics tests. Keep in mind that, here, 
eps should more properly be called bytes 
per second, since the test file is binary, 
not ASCH. 

Sound level. We measured the sound 
level of each printer during draft-quality 
and top-quahty text printing (80-column 
ASCII file) and for graphics speed print- 
ing (gray-scale test). 

Our test device, the Radio Shack 
sound-level meter (Model #33-2050), 
was positioned on a tripod 2 feet in front 
of the test unit, at ear level for a person 
sitting in from of the printer. We used the 
meter's А wemhting, which models an 
average person's auditory frequency 


response. 

Our numbers are higher than those 
quoted іп the manufacturer's specifica- 
tions because we used a small office 
rather than the standard environment pre- 
scribed for sound-level measurements; 
however, our numbers are consistent and 
valid for making comparisons. The re- 
suits for sound leveis during the tep-qual- 
ity-mode test are given in table 3; the 
results were comparable for the draft- 
quality-mode and graphics tests. 

Print quality, Finally, we subjectively 
evaluated the print quality of text and 
graphics from each printer. For text gual- 
ity, we used a few pages from the top- 
quadity-mode 80-соїштп throughput test 
and the complex text-prinung speed test. 
For graphics quality, we used both graph- 
кв speed tests: the four-graph printout 
and the gray-scale printout. 

We posted the 74 samples along two 
watis, museum style, numbered for refer- 
ence but unlabeled as to manufacturer. 

-two BYTE staff members rated 
samples on a scale of 1 (worst) to 5 (best) 
(see figure 1), using the following 
criteria: 


Text: 

* Uniform print density (no variation in 
density) 

е Uniform shape of characters (a given 
letter always looks the same) 

* Clarity (easy to read) 


Graphics: 

* Straight lines and smooth curves 

е Solid, uniform filled-in black areas 

* Fineness of lines 

* Uniform density of filled-in areas (no 
variation in density) 


Each printer's final score was the nu- 
тегіс rating (1 to 5) that its print sample 
received most frequently from the BYTE 
staff. 

continued 
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Photo 1: As with most of these printers, the NEC P2200 is small and light, 


yet it offers numerous advanced features. 


need to discard a f 
expended, as with t 
the toner cartridge о 


he Canon-engine рг1 
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oxpended, as with th 
he toner cartridge 


Figure 1: /n our ratings of top quality and graphics printing, the two samples 
оп fop received a score of 5; the two on the bottom received scores of 3 (left) 


and 1 (right). 


The Proof Is in the Printing 
In general, throughput goes up with 
price; however, a few exceptions are 
noted below. Sound levels are generally 
highest in the low-price range. One 
surprising fact is that text quality is gen- 
erally highest among the middle-price 
printers. 

Print quality. Among low-cost 


Ф printers, the Fujitsu DL3400, the Pana- 


sonic KX-P1524, and the Printronix 
P1013 rated highest, with 4s for text and 
graphics. Among middle-price units, the 
NEC PSXL had perfect 5s for text and 
graphics, while the C. Itoh C-7154, the 
Okidata Microline 393, and the Nissho 
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NP-2405 had 4s in both categories. 
Among high-priced printers, the Hew- 
lett-Packard RuggedWriter RW 480 and 
the Nissho NP-2410 had two perfect 5s. 
The Fujitsu DL5600 won in the deluxe- 
price category with a 4 and a 3 in text and 
graphics, respectively, 

Throughput, 80-column, draft quality. 
As shown in table 2, the Epson LQ-850 
and the Fujitsu DL3400 won in the low- 
price category, with rates of 148 cps and 
146 cps,, respectively. The Okidata 
Microline 393 won in the middle-price 
category by a wide margin, with 184 cps; 
the Toshiba P351SX followed at 165 cps. 
The high-price category also had a clear 


leader, the Mannesmann Tally MT330 at 
205 cps; the Hewlett-Packard RW 480 
was second at 191 cps. The Fujitsu 
DLS5600 achieved a blistering 236 ср; т 
the deluxe-price category, equivalent to 
approximately 4.4 pages a minute. 

Throughput, 80-соінтп, top quality. 
Although the speeds were slower by 
about half, the fastest printers in this test 
were the same units that won the 80-col- 
umn draft test, except in the high-price 
category, where the Hewlett-Packard RW 
480 was the clear winner (138 cps), fol- 
lowed by the Nissho NP-2410. Surpris- 
ingly, the Mannesmann Tally MT330, 
which won the draft test, dropped to last 
in its category in this test. 

Throughput, 132-column, draft qual- 
ity. The winner list in this category re- 
sembled that of the 80-column draft test, 
except for the narrow-carriage Epson 
LQ-850, which could do only the con- 
densed-font (17.1 cpi) test. 

Throughput, 132-column, top quality. 
The wide-carriage units in the low-price 
category ranked close together, with 
speeds ranging from the Brother M- 
1724L's low of 48 cps to the Citizen Trib- 
ше 224's high of 61. Results in the mid- 
dle-price range were equally close, 
except for the NEC P5XL, which turned 
in а 43-cps rating, less than half that of 
the Okidata Microline 393's top-rated 92 
cps. The Hewlett-Packard RW 480 again 
won in the high-price category by a wide 
margin. The Fujitsu DL5600 outper- 
formed the Japan Digital Laboratories 
JDL-850 in the deluxe-price class, 124 
cps to 106 cps. 

Throughput, 132-column, condensed 
font. Rankings followed the 80-column 
top-quality results fairly closely, except 
among high-price printers, where the 
Nissho NP-2410 at 294 cps was almost 
30 percent faster than the next-ranked 
Hewlett-Packard RW 480. 

Style test. The only surprises were in 
the middle-price range, where the Epson 
LQ-1050 and the Fujitsu DL2600 won by 
a clear margin at 105 cps, and in the high- 
price range, where the AT&T 477 won 
with 109 cps. 

Graphics tests. The cps ratings in both 
tests varied over a wider range than with 
the other throughput tests, from a low of 
312 cps to a high of 3176 cps. For the 
four-graph printout, the winners were: 
low price, Epson LQ-850 and Fujitsu 
DL3400; middle price, Okidata Micro- 
line 393; high price, C. Itoh C-815; and 
deluxe price, Fujitsu 01.5600. Gray- 
scale test winners were: low price, Epson 
LQ-850; middle price, Epson LQ-1050; 
high price, NEC P9XL; and deluxe 
price, Fujitsu 01.5600. 

Sound level. Low-price units exhibited 
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Figure 2: Combined 
speed (80-column top 
quality), text quality, 
and graphics quality 
ratings give the value 
performance edge to the 
Epson LQ-500, the NEC 
P2200, the Copal 
WriteHand 6700, and 
the Fujitsu DL3400 in the 
low-price range; the 
Epson LQ-1050, the C. 
Пой C-715A, the Nissho 
NP-2405, and the Okidata 
Microline 393 in the 
middle-price range; the 
Hewlett-Packard RW 
480 in the high-price 
range; and the Fujitsu 
DL5600 in the deluxe- 
price range. 
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DOT-MATRIX PRINTERS 


Views from BIX: Dot-Matrix Printers 


espite claims of an imminent paper- 
less society, printers are still an es- 
sential peripheral for most of us. Every- 
one has his or her favorite, These 
comments were taken from the IBM.PC 
conference on BIX and are based on ac- 
tual user experience. 
—Stan Wszola, Technical Editor 


LARRY HAMBY [hamby]: “Апу- 
body want to recommend a dot-matrix 
printer that gives the best correspon- 
dence-quality type for the least price? I 
don't need to type that many great-look- 
ing letters, but when I do I hate for them 
to look so ‘computerish.’ I want to spend 
next to nothing, of course. Thanks.” 

PETE WHITE [petewhite]: "The LQ 
series of printers from Epson are great. 
The LQ-800 is reasonable in price, and 
the LQ-2500 is for me an expensive 
dream printer,” 

PATRICIA HENSON [phenson]: 
“Гуе read BYTE's April 1987 survey of 
printers, and from what I could tell it 
looks as though the Panasonic KX- 
Р10921 is a really good buy if you want 
good NLQ text. Does anyone have any 
experience with the КХ-Р109212” 

LARRY EMERY [lemery]: "I have 
owned both a KX-PIO9] and a KX- 
P1592, which are excellent printers for 
the price. I think the new models (the 
"ji" series, e.g., 10921) are even better 
than the old. If so, the NLQ will be real 
hard to tell from LQ. The 1092 at work 
is also very nice, but it lacks a com- 
pressed print switch on the front panel. 
They may have corrected this on the 
10921. For all-around quality in con- 
struction, print quality, speed, and con- 
venience features, ] have yet to see a 
printer that beats the Panasonics.” 

NICHOLAS BARAN [nickbaran]: “1 
highiy recommend the [BM Proprinter. 
I particularly like the single sheet/enve- 
lope feeder that you can use without re- 
moving the tractor-feed paper. It prints 
200 cps in draft mode and about 50 cps 
in letter-quality mode. You can get a 
Proprinter for about $350.” 

ROEDY GREEN [roedy]: "This is an 
open letter to the designers of dot-matrix 
printers describing the sorts of features 1 
would like to see in the new crop of 
printers and also the blunders in designI 
would like them to avoid. 

“I'm familiar with about a hundred 
models of printers used in Canada, the 
U.S., Sweden, India, and Australia. I 
have written drivers for about 50 of 
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them. My dream printer is mostly a 
combination of the best existing 
features. 

"Make sure you fully support the 
Centronics interface (specifically pins 
12 and 13), so the computer can detect 
whether or not the printer is off-line or 
out of paper. Roland, Okidata, take 
note. 

“When the user is adjusting the paper 
or rollers, under no circumstances 
should the printer start moving. To- 
shiba, take note. 

"When the printer is off-line, the 
New Page and Line Feed buttons should 
work. Kudos to Hewlett-Packard for in- 
venting the idea and to Roland for copy- 
ing it. 

"The printer manual should show 
command sequences in ASCII, decimal, 
hexadecimal, octal, and CHR$ forms, 
complete with one realistic example for 
each form. The examples should show 
the actual print results of commands. 

"For printers with design-your-own 
fonts, the manual should also show en- 
larged pictures of the dots on a grid 
so you can use them as models to 
design variants. Kudos to Okidata and 
Epson. 

“Тһе paper path should be as straight 
as possible, with at least 4 pins per side 
for tractor-feed paper engaging at all 
times. The paper-threading path in- 
structions should be printed or em- 
bossed on the printer where they cannot 
get lost. Make sure the in and out paper 
paths are sufficiently separated that the 
out paper doesn't easily get sucked back 
in the input. Epson, take note. 

“Тһе ribbon cartridge should have no 
more than 1 cm of ribbon exposed. This 
makes it almost impossible to misthread 
the ribbon. Please do not invent yet an- 
other cartridge design. Kudos to To- 
shiba for sticking with a great design 
through all its models. 

“It should be possible to read what 
the printer has just typed without having 
to waste a sheet of paper. The Okidata 
Microline 292 solves this by automati- 
cally rolling the paper up for you to 
look, or tear off, then rolling it back 
down when you resume printing. 

"It should be possible to make micro- 
alignments both horizontally and verti- 
cally while the printer is printing. The 
Sujata, a printer manufactured in India 
and designed by Printek, has such 
features. 

“If the printer does not receive any 


new characters for a few seconds, it 
should go ahead and print rather than 
holding characters in its buffer waiting 
for a carriage return. Kudos to Okidata. 

“Ша printer cannot do all possible 
combinations of attributes, it should use 
the following priorities: First, get the 
pitch right. Then worry about getting 
the type width right. If you don't get 
these right, things will look a mess be- 
cause they will not align. Once you've 
got that right, worry about getting italic 
and boldface right. Then, finally, han- 
Ше NLQ. Better still, allow all combina- 
tions. Kudos to the IBM 5152. 

"Support Epson 8-bit graphics. 

"Downloadable character sets should 
be saved in battery-backed RAM while 
the power to the printer is turned off to 
clear a jam or to reset top of form. Ku- 
dos to Okidata. Toshiba, take note. 

"Make sure there is a way to print 
every last item in the IBM 256-character 
set so that a decent Print Screen is possi- 
ble. Ideally, use the IBM codes 
untranslated. 

"To make single-sheet feeding easy, 
there should be a simple lever to turn off 
the paper-out detect. It should not be 
necessary to remove the tractor and set a 
DIP switch. Toshiba, take note. 

" Redesign the printer until the proper 
print ribbon thread path is the one natu- 
rally selected by naive users 95 percent 
of the time. Toshiba, take note. Kudos to 
Seikosha and Sujata. 

“When designing your printer, make 
the presumption it is in a different room 
from where the computer is. Anything 
you can do from the printer's control 
panel, you should be able to do from the 
computer. 

"Finally, what kind of name is KX- 
Р1595С or MP-1300AI for a printer? 
How are you supposed to pronounce it? 
Remember it? Do they really plan to 
manufacture 26x26X26X 10x 10x 
10x10x26 = 45,686,760,000 differ- 
ent models of printer? That's even a lit- 
tle optimistic for a serial number. Get 
serious, Panasonic and Seikosha. " 


[Editor's note: Views from BIX presents 
a variety of informal, diverse opinions 
from users of a selected class of prod- 
ucts. Messages chosen for publication 
may be edited for length or clarity. The 
views expressed are those of each mes- 
sage's author and do not necessarily 
reflect those of BYTE or BYTE's 
reviewers. | 


lime is of the essence. The pens on drafting film, vellum or paper 
essence of the HP DraftMaster Plotter —all at optimal speeds. 
The fastest A to E size drafting plotter Naturally, it works with just about 
made by Hewlett-Packard. A plotter any computer. Like the HP Vectra PC 
so fast, any designer can create big and IBM PC's. As well as popular 


ideas at blinding speeds. PC-CAD software like AutoCAD 
How did we do it? With unsur- and VersaCAD. And the DraftMaster 
passed acceleration. And features brings with it HP's worldwide reputa- 
like a new pen-sorting algorithm. tion for quality. Prices start at just 
Bi-directional plotting. And a very fast $9,900* 
resident micro-processor. We even Why wait? For a brochure and a ^ 
offer a model with roll-feed for non- sample plot, call us at 1 800 367-4772, - 
Stop plotting. Ext. 901A. 
But the HP DraftMaster doesnt 


"n : : : The drawing shown below was produced on the 
sacrifice output quality for its blinding | HP DraftMaster with AutoCAD software 


speed. Every plotter is thoroughly 
tested to ensure the highest reliability Q) HEWLETT 


and precision. So you get smooth 


А | 
arcs, straight lines and perfectly- PACKARD ( 
formed characters, time after time. пасла 15 a registered uaderark of AutoDesk inc VersaCAD ша 
Furthermore, it handles a variety of сүттүг АШ o. = ыы 
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How to create monumental plots 
ina matter of minutes. 
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ALPS America 
3553 North First St. 
San Jose, CA 95134 
(408) 946-6000 
Inquiry 907. 


AT&T 

4513 Western Ave. 
Lisle, IL 60532 
(312) 971-6000 
Inquiry 908. 


Brother International 
8 Corporate Place 
Piscataway, NJ 08855 
(201) 981-3000 
Inquiry 909. 


C. Itoh Digital Products 
2515 McCabe Way 
Irvine, CA 92714 

(714) 660-1421 

Іпдшігу 910. 


Citizen America 

2401 Colorado Ave. 
Santa Monica, CA 90404 
(213) 453-0614 

Inquiry 911. 


DOT-MATRIX PRINTERS 


Company Information 


Dataproducts 
6200 Canoga Ave. 


Woodland Hills, CA 91365 


(818) 887-8000 
Inquiry 913. 


Epson America 
2780 Lomita Blvd. 
Torrance, CA 90505 
(800) 421-5426 
Inquiry 914. 


Facit 

9 Executive Park Dr. 
Merrimack, NH 03054 
(603) 424-8000 
Inquiry 915. 


Fujitsu America 
3055 Orchard Dr. 
San Jose, СА 95134 
(408) 432-1300 
Inquiry 916. 


Hewlett-Packard 
1820 Embarcadero Rd. 
Palo Alto, CA 94303 
(415) 857-1501 
Inquiry 917. 


Japan Digital Laboratory (JDL) 


2649 Townsgate Rd. 

Suite 500 

Westlake Village, CA 91361 
(805) 495-3451 

Inquiry 919. 


Mannesmann Tally 
8301 South 180th St. 
Kent, WA 98032 
(206) 251-5524 
Inquiry 920. 


NEC Information Systems 
1414 Massachusetts Áve. 
Boxborough, MA 01719 
(617) 264-8000 

Inquiry 921. 


Nissho Information Systems 
10855 Business Center Dr. 
Suite 100 

Cypress, CA 90630 

(714) 952-8700 

Inquiry 922. 


Okidata 
532 Fellowship Rd. 
Mount Laurel, NJ 08054 


Printronix 

17500 Cartwright Rd. 
Irvine, CA 92713 
(714) 863-1900 
Inquiry 925. 


Radio Shack 

1700 One Tandy Center 
Fort Worth, TX 76102 
(817) 390-3100 
Inquiry 926. 


Sanyo Business Systems 
51 Joseph St. 
Moonachie, NI 07074 
(201) 440-9300 

Inquiry 927. 


Seikosha America 
ИЦ MacArthur Blvd. 
Mahwah, NJ 07430 
(201) 520-4655 
Inquiry 928. 


Star Micronics 

200 Park Ave. 

Suite 3510 

New York, NY 10166 
(212) 986-6770 


Copal (USA) IBM 
2291 205th St. 
Suite 105 

Torrance, CA 90501 
(213) 618-0225 
Inquiry 912. 


the widest sound-level range of all the 
categories. Considering the top-quality 
measurements, as well as the draft and 
graphics sound levels not shown in the 
table, the NEC P7, the Fujitsu DL3400, 
and the Seikosha SL-80AI were quietest. 
The Printronix P1013 was clearly the 
noisiest printer, its graphics sound level 
reaching 84 decibels with the A 
weighting. 

Among middle-price units, the Oki- 
data Microline 393, the NEC P5XL, and 
the ALPS P2400C were quietest overall, 
and the Star Micronics NB-15 was loud- 
est. Among high-price units, the 
Mannesmann Tally MT330 was quietest, 
and the Nissho NP-2410 and the C. Itoh 
C-815 were loudest overall. The quietest 
deluxe-price unit was the Japan Digital 
Laboratories JDL-850; this is the only 
rating in which this unit outperformed the 
Fujitsu DL5600. 
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(609) 235-2600 
Inquiry 923. 


900 King St. 

Rye Brook, NY 10573 
(800) 426-2468 
Inquiry 918. 


Panasonic 

Two Panasonic Way 
Secaucus, NJ 07094 
(201) 348-7000 
Inquiry 924. 


No Need for Apologies 

The ideal printer should have a high 
throughput, excellent print quality, and 
low cost. Are there any candidates among 
the 37 printers tested? 

If you're willing to pay the price, you 
can definitely find speed and quality in 
one unit. The Hewlett-Packard RW 480 
($1695) offers the highest text throughput 
(top quality) and achieved top ratings in 
text and graphics quality. 

The middle-price category as a whole 
outperformed the other price ranges in 
terms of quality ratings (a greater per- 
centage of 4 ratings). The Okidata Micro- 
line 393 ($1399) looks more like a high- 
price unit in terms of 80-column 
throughput and quality. 

Among low-price units, the Epson 
LQ-500 ($499), the Copal WriteHand 
6700 ($795), and the Fujitsu DL3400 
($995) each offer bargain hunters good 


Inquiry 929. 


Toshiba America 
9740 Irvine Blvd. 
Irvine, CA 92718 
(800) 457-7777 
Inquiry 930. 


combinations of speed and quality. 

Figure 2 shows the relative score for 
each printer, taking speed and both text 
and graphics quality into account. This 
single graph can point you to the best 
value in each price range. 

If quality alone is your consideration, 
the NEC PSXL ($1495) may be your best 
buy; it rated a 5 in both text and graphics 
quality. Dropping down just one notch in 
quality, you can look at the Printronix 
P1013 ($895), the Panasonic KX-P1524 
($899), or the Fujitsu DL3400 ($995), all 
scored 4s on text and graphics quality. 

Finally, you don't have to apologize for 
using a dot-matrix printer for business 
communication. м 


George A. Stewart is a technical editor 
for BYTE. He can be contacted at BYTE, 
One Phoenix Mill Lane, Peterborough. 
NH 03458. 


Ah, the big idea. Everyone just about any PC, such as the 


has one. But not everyone can HP Vectra PC and IBM PCs. As 
afford a plotter to plot one on. well as popular PC CAD programs 
Which got us thinking. What if like VersaCAD and AutoCAD. 
there was an HP quality plotter so If the idea of having HP 


reasonably priced you could afford reliability with a low price tag 
to hook one up to every PC CAD makes sense to you, call us now 


workstation in the office? For a brochure and sample plot, 
Presenting the HP DraftPro call 1 800 752-0900, Ext. 901A. 

Plotter. For only $4900 any architect, The HP DraftPro Plotter: 

engineer or designer can create high-quality drafting for only 

perfect plots time after time. $4900." 

Consider what the DraftPro can do: The drawing shown below was produced on the 
It can draw straight lines, HP DraftPro with VersaCAD software. 

smooth arcs and perfectly-formed Т) 7 HEWLETT 

characters. All on C and D-size 

drafting film, paper or vellum, PACKARD 

using eight different pen colors. gated Wadafuank ol Астын Inc “Succacted!) 9. la prion 
Furthermore, it works with Circle 120 on Reader Service Card 


How to pull off a fantastic 
HP plot for only $4900. 
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Discover 
Parallel 
Processing! 


"bag 


ELI 


ды мал 
ім. A 


кь. 


The Most Cost Effective 
Transputer Development System 


MicroWay's Monoputer is the best ' 
selling Transputer-based PC сорго- | 
cessor in the world. It was the first board ў 


available to run the 20 MHz 7414 or T800. \ | Qua dpu ter 
As a result, it received many rave reviews ` Mainframe Power 
in the UK (available on request) and became | For Your PC! 
the standard Transputer software develop- | 

ment tool. Parallel code can be executed on ж” MicroWay's Quadputer is the 
a single Monoputer or on an array of Mono- е ne most versatile multiple Transputer co- 
puters wired together by their external link lines. „МЕР processor on the market today. It can be 
The Monoputer includes 2 megabytes of 100 с, à purchased with 2, 3, or 4 Transputers, each of which 
nsec DRAM, a 20 MHz T414 or T800 and the has 1 or 4 megabytes of local memory. Two or more Quad- 
MicroWay stand alone Occam Compiler, which puters can be easily cabled together to build larger parallel 
generates Transputer code that runs under MS-DOS. Optional processor systems. А single Quadputer using four T800s pro- 
tools include our licensed version of the TDS and a Pascal. vides 40 MIPS of CPU and 6 megaflops of NDP throughput at 
Fortran, C, and Prolog. one fiftieth Ihe cost of a comparably performing mainframe. 


Attend MicroWay's Seminar on Parallel Processing, April 6th in Plymouth, Massachusetts! 
For more information please call (617) 746-7341. After July, 1988, сай (508) 746-7341. 


The World Leader in PC Numerics 


Р.О. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High St, Kingston-Upon- Thames, UK 011-541-5466 
St. Leonards, NSW, Australia 02-439-8400 


TRADEMARKS. Quadpuler, Piputer and Monoputer of MicroWay. Ine INMOS. Transpuler. TOS. OCCAM of INMOS Corp MicroWay" is а registered trademark of MicroWay. Inc 
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SYSTEM REVIEW 


The WYSEpc 386 


What do you do if you can't af- 
ford a top-of-the-line 80386 
system like the ІВМ Р5/2 
Model 80 or the Compaq Desk- 
pro 386, but you want some- 
thing a little classier than the 
386 systems from the usual 
clone makers? You could try 
the WYSEpc 386, a 16-MHz 
80386 system with an attractive 
design, performance to match, 
and a price tag that beats the 
386 systems from IBM and 
Compag handily. 

At $4999, the WYSEpc 386 
(Model 3216-40) comes with 
Intel's 80386 processor running 
at 16 MHz, | megabyte of 
RAM expandable to 6 mega- 
bytes, a half-height 1.2-mega- 
byte 54-inch floppy disk drive, 
a half-height 40-megabyte hard 
disk drive, a 102-key modified 
AT-style keyboard, one parallel 
port, and two serial (9-pin 
male) ports. The review unit 
also came with an EGA-com- 
patible display adapter and a 
monitor, bringing its price to 
$6247. You can add an 80287 
(6-MHz or 10- MHz) or 80387 (16-MHz) 
coprocessor, but these are not available 
from WYSE. 


Made to Upgrade 

Тһе WYSEp« 386 is a standard AT-size 
unit with a detached keyboard and front- 
panel controls. The system is based 
around a backplane design rather than a 
motherboard system—the CPU and all 
memory boards sit in expansion slots so 
they can be repaired or upgraded easily 
(see photo 1). The system has 10 expan- 
sion slots: three 8-bit slots and seven 16- 
bit slots. 

In a standard system configuration, the 
CPU and the memory board occupy two 
of the 16-bit slots, and the serial/parallel 
port board occupies an 8-bit slot. The re- 
view unit also had a half-length WYSE 
EGA-compatible display adapter in one 


Ed McNierney 


A classy 80386-based 
system priced to rival machines 
from the big boys 


of the other 8-bit slots. The combination 
floppy/hard disk controller board lies in 
front of the backplane board on the bot- 
tom of the case and connects to the back- 
plane through a special edge connector, 
so it doesn't take up any expansion slots. 

Missing from the WYSEpc 386 are 32- 
bit slots. Most manufacturers of 80386- 
based microcomputers use 32-bit slots 
chiefly for connecting high-speed RAM 
expansion boards to maximize system 
performance. WYSE has taken a slightly 
different approach, putting the 32-bit ex- 
tensions on a separate bus that runs 
across the top of the expansion boards 
rather than on the backplane. A special 
rigid connector couples adjacent 32-bit 
boards together to allow rapid com- 
munication. 

The standard system comes with the 
CPU board connected in this way to the 


memory board, which holds 1 
megabyte of 100-nanosecond 
(ns) static-column dynamic 
RAM (DRAM ) operating at 16 
MHz with zero wait states. You 
can add an additional megabyte 
of RAM to the standard board, 
and you can also plug a second 
memory board (up to 4 mega- 
bytes) into the backplane. 

The serial/parallel board 
connects to the main CPU 
board with a ribbon cable, and а 
second serial connector is lo- 
cated on the CPU board. While 
this makes convenient use of the 
CPU board's slot space, the two 
boards are installed as far apart 
às possible and the cable is 
strung along the back of the 
case. The cable gets in the way a 
bit, but you can remove it if you 
don't need the second port. 

[n addition to the basic flop- 
py and hard disk drives, you can 
install another full or half- 
height floppy disk drive under 
the floppy drive, and a second 
half-height hard disk drive 
above the original hard disk 
drive, for a total of four devices driven by 
the controller board. 

The average access time of the 40- 
megabyte drive is 28 milliseconds (ms), 
and the Coretest utility showed a slightly 
slower-than-average data transfer rate of 
165K bytes per second. The drive's 
track-to-track seek time is only 4 ms, and 
the disk's overall performance is good. 
The drive is very quiet; when running 
disk-test software, І had to put my ear to 
the front panel to hear the disk heads 
moving—a welcome improvement over 
many of the scratchy and clattery hard 
disk drives currently available. 

The unit's keyboard connects to the 
back panel of the CPU board with an RJ- 
[1 telephone jack. The keyboard inter- 
face is otherwise compatible with the AT 
keyboard, and WYSE provides an adapt- 
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WYSEpc 386 


Сотрапу 

WYSE Technology 
3571 North First St. 
San Jose, CA 95134 
(408) 433-1000 


Components 
Processor: intel 80386 processor 


running at 8 or 16 MHz; socket for 80287 


(6-MH2 or 10-MHz) or 80387 (16-МН2) 
coprocessor 

Memory: 1 megabyte of 100-ns, zero- 
wait-state DRAM, expandabie to 6 

m 


THE WYSEPC 386 


Dhrystone* Fibonacci Float Savage Sieve Sort 


WYSEpc 386 3982 50.32 34.771 29552 565 8.88 


PS/2 Model 80 (80387-16) 3626 57 26 162 949 645 774 
Compaq 386 (80387-16) 3748 53.11 143 895 598 5.58 
Compaq 386 (B02B7-B) 3748 53.12 680 2153 599 5.58 
IBM PC AT (80287-8) 1590 126.22 1098 37.30 24.60 43.17 


* For the Dhrystone test only, higher figures denote faster performance. 


DISK ACCESS IN BASIC (IN SECONDS) 


egabytes 
Mass storage: One haif-height 1.2- 
megabyte 5V4-inch floppy disk drive; one 
half-height 40-megabyte (28-ms access 
time) hard disk drive in the Model 3216- 
40 


WRITE 


READ 


Keyboard: 102-key modified AT-style 
МО intertaces: One parallel port; two 
serial (9-pin male) ports; seven 16-bit 
expansion slots; three 8-bit slots 


Size 
21 inches by 18 inches by 6» inches; 
41 pounds 


Software 
Enhanced MS-DOS 3,21; GWBASIC 
3.2: SETUP and TEST utilities 


Options 

EGA adapter: $499 

EGA monitor: $749 

1-megabyte memory expansion: $500 


2-megabyte memory expansion: $1200 


Floor stand: $165 


Documentation 
103-page Enhanced MS-DOS User's 


Guide; 71-page Installation and Assembly 


Manual 


Price 

Моде! 3216-01 (base system, with a 
1.2-megabyte 5%-inch floppy disk 
drive and 1 megabyte of RAM): 


System as reviewed (Model 3216-40, 
plus an EGA adapter and a monitor): 
$6247 


Inquiry 883. 
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The table contains the results of the C language benchmarks (see “A Closer Look" by 
Richard Grehan in the September 1987 BYTE). All times are in seconds, except for the 
Dhrystone, which is in Dhrystones per second. The Disk Access benchmarks write and 
then read a 64K-byte sequential text file to a hard disk. Sieve runs one iteration of the 
Sieve of Eratosthenes. Calculations performs 10,000 multiplication and division 
operations. The Spreadsheet tests load and recalculate а 100-row by 25-column 
Multiplan (1.06) spreadsheet. The 40K File Copy benchmark copies a 40K-byte file on 
the hard disk. All BASIC benchmark programs were run with Enhanced MS-DOS 3.21 
and GWBASIC 3.2 on the WYSEpc 386; PC-DOS 3.3 and BASICA 3.11 on the PS/2 
Model 80 and the IBM РС AT; and Compaq DOS 3.1 and Compaq BASIC 3.11 on the 
Compaq Deskpro 386. 
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THE WYSEPC 386 


er plug that lets you connect an after- 
market keyboard to the WYSE jack. The 
keyboard, which closely resembles those 
available on WYSE terminals over the 
last several years, has a light and slightly 
clicky touch. I would prefer a more IBM- 
like keyboard with better tactile feed- 
back, but for me the WYSE keyboard is a 
reasonable compromise. 

The keyboard's layout belongs to the 
“modified enhanced" class, resembling 
the 101-Кеу keyboard standard on all 
IBM machines. The two exceptions to 
this layout are both mistakes, in my opin- 
ion: The Alt keys (one on either side of 
the space bar) have been shrunk consid- 
erably—they are no bigger than the stan- 
dard alphabetic keys— while the Control 
keys next to them are the largest keys on 
the keyboard other than the space bar. 
Since both Control and Alt are popular 
application shift keys, ] can see no reason 
for the change. Also, a Select key has 
been added at the upper right of the key- 
board. The documentation says this key 
has an application-defined usage, but 
none of the software supplied with the 
W YSEpc 386 uses it, and since the key is 
found only on WYSE keyboards, few, if 
any, third-party software developers are 
likely to support it. 


Displaying Its Options 

Since WYSE has had years of experience 
building terminals, the quality of the op- 
tional EGA monitor (Model WY-640) 
that came with the review unit is not sur- 
prising. The 640- by 350-pixel display is 
bright and crisp, with clear pixel separa- 
tion and no trace of fuzziness. The moni- 
tor has brightness controls and a color- 
selection switch that lets you selectively 
disable some of the RGB inputs to the 
monitor, changing otherwise white text to 
either amber or green. This is a nice con- 
venience for monochrome applications, 
but it makes some color combinations 
disappear entirely. 

The monitor is attached to a tilt-and- 
swivel base that holds the power switch 
and supply. You can connect the power 
cord to an outlet on the rear of the system 
unit and control the entire system with 
one power switch. 

On the front panel of the system unit, 
three push buttons let you interact with a 
15-character LED display directly above 
them. The display shows the current date 
or time and the system processor speed (8 
or 16 MHz}. You control the date/time 
and speed toggles with the push buttons, 
and you can change them at any time, 
even in the middle of an application. The 


third push button switches the LED to a, 


“CPU usage” display, which shows a 
single bar growing and shrinking in re- 
sponse to CPU load. Other than for 


amusement value, this display mode is 
useless; the CPU load doesn't translate 
into any practica] measurement, and all 
you can do is watch the bar wiggle back 
and forth as an application runs. 

You can, however, use the LCD panel 
to display programmable messages that 
either are static or scroll across the 
screen. Such messages could be useful 
for monitoring the progress of long batch 
files or for notifying you of the system's 
status. 


Enhanced DOS 

The WYSEpc 386 comes with WYSE's 
version of MS-DOS 3.2, called En- 
hanced MS-DOS 3.21; it contains a few 
enhancements and a number of new util- 
ities not included in the standard MS- 
DOS package. Enhanced MS-DOS pro- 
vides support for disk devices larger than 
32 megabytes (the review unit was set up 
for a single 40-megabyte hard disk drive). 
You can set partition sizes and adjust 
them with the standard FDISK utility, and 
you can creale multiple MS-DOS parti- 
tions if you prefer smaller disks instead of 
one large one. 

A disk optimization program called 
DISKPACK assists hard disk performance 
by compressing files into contiguous 
space for faster sequential access. For se- 
curity reasons, DISKPACK works with a 
floppy disk in drive A serving as a tem- 
porary storage area. If a power failure oc- 
curs while you're running DISKPACK, you 
can restart the system and run DISKPACK 
with the /R switch to resume operation 
with no loss of data. 

As in most 80386 machines, the stan- 


dard | megabyte of RAM in the WYSEpc 
386 is divided into 640K bytes for DOS 
and 384K bytes of leftover ВАМ, WYSE 
gives you a number of options for taking 
advantage of this otherwise orphaned 
384K bytes of memory; these include the 
standard MS-DOS VDISK, which lets 
you create a RAM disk in that memory, 
and a disk cache that you can install in 
either extended or conventional memory. 

The disk cache can be dynamically 
loaded and unloaded at any time, and a 
special command option makes it display 
a helpful set of statistics about the current 
cache hit rate and usage, along with an 
estimate of the performance improve- 
ment gained by using the cache. The 
cache requires 12K bytes of system mem- 
ory even if the buffer itself is in extended 
memory, but the boost in disk perfor- 
mance is worth it: MicroCalc, the sample 
spreadsheet that comes with Turbo C (ap- 
proximately 7700 lines of C source code) 
required 48 seconds to completely com- 
pile and link without a cache; installing a 
256K-byte cache in extended memory re- 
duced that time to 35 seconds—an im- 
provement of over 25 percent. 

If you don't want caching, WYSE pro- 
vides a device driver that uses the 
80386's memory management capabili- 
lies to make extended memory appear to 
be Enhanced Expanded Memory Specifi- 
cation (EEMS) memory. accessible to 
applications as data storage areas. 

Although you can control the proces- 
sor speed from the front panel, a SPEED 
utility lets you select high or low speed 
(or disable the front-panel switch en- 

continued 


Photo 1: The WYSEpc 386 
is designed around a 
backplane rather than a 
motherboard. All system 
cards, including the 80386 
CPU card, insert into 8- and 
16-bit expansion slots in the 
backplane and communicate 
via 32-bit connectors that 
run across the top of the 
boards. 


APRIL 1988 * BYTE 133 


ПЕЕЕ-/ 


IOtech has 

the widest 
selection of 
easy-Io-use 
interfaces & 
software for 
IEEE 488 
(GPIB/HPIB) , 
systems. 


* [Instrument 
& plotter 
controllers 
(internal & 
external) for 
PCs, PS/2s, & 
Macintosh 

е Converters 
from IEEE to 
RS-232/422, 
digital ИО, 
modem, real- 
time clock, 
SCSI, & 
analog I/O 


о ЕЕЕ pus 


languages & 
Lotus 1-2-3e 


s Menu-driven 
hi 


guarantee 

° 2 year 

warranty 

«Call for 
our FREE 
echnical 

Guide 


IOtech...the choice is easy 


LOtech_ 


216) 439-4091 tm, 

( 

25971Cannon Road « Cleveland, Ohio 44146 
Londen (01H) 86-12-87 = Parts (1) 34810178 + Zurich (61) £2) 944 
Мааа 02412050 © Linkoplag O13 11 01 40 - Алибаба 01230-15353 
айыу (13452 183 « Мәнісі amd other Earopean. North Afncam, aud 
Маа Ez cowntrscs nói listed (069) 7 120. 


Circle 130 on Reader Service Card 


THE WYSEPC 386 


tirely) from the keyboard. An LCDPANEL 
utility lets you send text to the LCD pane! 
display. You can also install an LCDPAN- 
EL.SYS driver in your CONFIG.SYS file; 
this creates the DOS character device 
LCDDEV, which lets applications write to 
the LCD display just as they write to a 
file. You can even redirect DOS com- 
mands to the LCDDEV device; for example, 
the command DIR » LCDDEV causes the 
current directory display to scroll across 
the panel. 

Rounding out the complete set of MS- 
DOS utilities are a Help system (which 
provides information about any MS-DOS 
command, internal or external), a combi- 


| nation lock program, and an equipment 
| check utility. 


Finally, a SETUP utility lets you run 
system configuration and tests. Since one 
of the more difficult steps in setting up a 


| hard disk system is determining the ap- 


propriate drive type for the disk, SETUP 
provides a list of drive types along with 


| associated characteristics (e.g., size, 


number of heads, and number of cylin- 
ders) from which you can choose the 


| proper type. 


Included with УУ YSE's Enhanced MS- 
DOS is GWBASIC 3.2, along with some 


| simple batch files that let you start the in- 
| terpreter with the commands BASIC, 
| BASICA, or GWBASIC. 


How Compatible Is It? 

The WYSEpc 386 is reliably compat- 
ible with all the PC software I tested, in- 
cluding Turbo C 1.0, SideKick 1.56A, 
Lotus 1-2-3 version 2.01, Lotus Sym- 
phony 1.2, Microsoft Word 3.0, Brief 
2.0, and Microsoft Windows 1.03 and 
2.0. I encountered no problems with 
these packages, except when installing 
Lotus 1-2-3 on the hard disk: Even when 
the processor speed was slowed to 8 
MHz, the INSTALL utility could not set 
up 1-2-3 to run directly from the hard 
disk drive. However, 1 was able to use 1- 
2-3's COPYHARD utility to achieve the de- 
sired result. 

Microsoft Windows/386 had interest- 
ing difficulties. The Windows/386 SETUP 
procedure lists the WYSEpc 386 as a 
compatible computer, but installed soft- 
ware refused to run, displaying an error 
message indicating that the current DOS 
version (MS-DOS 3.21) was not sup- 
ported. If 1 booted the system under IBM 
PC-DOS 3.3, Windows/386 ran but 
would not let me start COMMAND.COM in a 
window, claiming that an incorrect DOS 
version was in use. WYSE technical sup- 
port did not return either of the two calls I 
made to investigate the problem. How- 
ever, a company spokesperson said later 
that WYSE has corrected the incompati- 
bility with Windows/386 in Enhanced 


MS-DOS 3,21 version 1.03, which now 
comes with the system. 


WYSE Guides 
The documentation supplied with the 
WYSEpc 386 came as two booklets, En- 
hanced MS-DOS User's Guide and the 
Installation and Assembly Manual. The 
MS-DOS manual was clear and well in- 
dexed, with descriptions of the standard 
DOS commands as well as WYSE's ex- 
tensions. The manual's biggest defi- 
ciency was its lack of documentation for 
the DEBUG, LINK, and EDLIN programs in- 
cluded with DOS. These programs are 
given only one line apiece in the entire 
manual, which otherwise does an excel- 
lent job of documenting DOS functions. 
The Installation and Assembly Manual 
15 an outstanding example of its class of 
documentation. It is simple, clearly writ- 
ten, and well illustrated, and it presents 
information in the order that you can ex- 
pect to need it. Information on jumper 
settings and adding new boards and co- 
processor hardware is complete. The 
manual is not very large, but it still seems 
to have all the right bits of information. 


Among the Fastest 

The WYSEpc 386 performed well in all 
the BYTE benchmarks. Since the review 
unit did not have a math coprocessor, its 
floating-point performance was not opti- 
mal. In other tests, the system ranks 
among the faster 16-MHz 80386 systems. 
It clearly outperformed the IBM PS/2 
Model 80 and the Compaq Deskpro 386 
(as the graphs and table on page 132 
show), though it did not reach the speed 
of machines like the PC Designs GV-386 
(January BYTE). For consistency, І ran 
all disk benchmarks with the disk cache 
disabled; with the cache installed, the 
Disk Read tests ran 15 percent faster 
(3.12 seconds), while the Disk Write 
speed did not change at all. 


Ап Excellent 386 Alternative 

The WYSEpc 386 is an attractive 80386 
system. It looks good, performs well, and 
comes with complete documentation and 
a robust set of enhancements to MS- 
DOS. The standard list price of $4999 for 
the 40-megabyte hard disk system is a lit- 
tle on the high side, compared to 80386 
systems from companies like PC Designs 
and Kaypro, but it's a bargain next to 
comparable systems from IBM or Com- 
pag. If you want a solid, reliable, hassle- 
free system with lots of nice touches and 
attention to detail, the WYSEpc 386 is an 
excellent alternative. № 


Ed McNierney is a principal engineer at 
Lotus Development Corp. in Cambridge, 
Massachusetts. 


WE'VE JUST MADE THE BEST EVEN ¢ 
Peachtree Complete II: The Business Accounting System | 


The success story 

of Peachtree Complete 
(now with over 200,000 
users) continues with the 
newest member of the 
Peachtree family, Peachtree 
Complete II. Much more than just 
an update, Complete II builds upon 
the comprehensive features that have 
made Peachtree the leader in small busi- 
ness accounting software for nearly ten 
years. We've added many exciting new fea- 
tures and designed state-of-the-art methods 
for using the packages, The result—all cight 
modules are even more powerful and casy 
to use, yet still priced at fust $199—a 96% 
price reduction from the original $4,800. 


Windows and Pop-Up Menus. 
Complete II is designed for user conve- 
nience, Use the cursor throughout the system 
to make easy ‘point-and-shoot’ selections. 
If you can't remember a customer or 
account number while using a program, 
simply open a window and scroll through 
your customer list or chart of accounts. 
ӛсіссі the information you're looking for 
directly from the table! 

ГЇ Short-Cut Keys. We speed you from 
one function to another without the time- 
consuming task of manually passing through 
multiple menus. 

Of Smart HELP. If you get stuck, the same 
function key will always bring HELP to your 
rescue with up windows of information 
that relate to your individual trouble spot at 
both program and field levels. 

П Quick-and-Easy Error Handling. 
Complete ЦП traps errors and gives a piain- 
English description of the problem along 
with suggested solutions. 

С Range Printing. Print all information 
UTA Сорос GE түн a Car FUMER Od 
information for print out. А grear feature 


for restarting long reports or partial printing 
Of certain sections. 


501 


ГР Easiest Installation Ever. Enter your 
company's information once and it is 
reflected throughout the system. Complete 
П includes a separate Installation Guide, 
basic Accounting Primer, cight-volume 
Reference Library and extensive Tutorials on 
each package — all at no extra charge! 
(V ideal for Service Businesses. Enter 
information free form on service invoices or 
store pre-defined paragraphs of up to 160 
characters. Enjoy full editing capabilities at 


time of invoice entry. 


Complete И includes cight software mod- 


ules that may be integrated or installed 


individually and may be distributed among 
separate computers. Install the most critical 


modules initially; add others later. 


COMPARE FEATURE FOR FEATURE 
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NEW Reverting journal стигікз 
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* Built-in current year federal, sate, city and 
coumy tax tables for ай 50 states with automatic 
calculation capabilities 

* Automatic payroll — supporting hourty, 
salaried commission от 


Call Now to Order 
or for a Dealer Near You 


1-800-247-3224 


In Georgia, call 1-404-564-5800 
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Money-Back Guarantee 


When you purchase Peachtree Complete ll 
directly from Peachtree Sofrware, you're 
prorected with a 30-Day Money Back 
Guarantee. If you're not satisfied, simply 
retum the product in saleable condition 
within 30 days and your purchase price will 
be promptly refunded. (А $20 гайыр fee 
will be c if disk bag is opened.) 

And, of course, Complete II is backed by 
Peachtree Software's famous technical sup- 
port, labeled by InfoWorld as ‘the finest іп 
the industry". Technical assistance is avall- 
able for $1 per minute with a 20-minute 
minimum via a toll-free telephone number. 
You only pay for what you need, without 
unnecessary support contracts. 


Buy Forms Direct from Peachtree 


Enjoy the convenience and economy of 
buying your forms directly from Peachtree 
Software with teed compatibility. Call 
1-800-553-6485 to order forms. In Ohio, 
call 1-513-973-0110. 


Announcing PDQ II 


Transfer your valuable Peachtree account- 
ing information to Lotus 1-2-38, dBASE™ 
and other programs for further analysis, 
plus create custom reports, invoices and 
statements with Peachtree Data Query Il. 
Updated to take full advantage of the in- 
creased capabilities of Peachtree Complete 
II, PDQ H is priced at just $199, Call today 
to order! 


Hardware Specifications 

Vi гук PC/MS-DOS version 2.0 or v ple with 384K of 
le memory with a minimum 10 MB hard disk. For use 

with the (АМ? РС. PC XT, PC АТ. Personal System/2 TM 

and compatibles АУ” media y avaliable [AM isa 

registered trademark and Personal System? isa 

of Internationa) Business Machines. Not copy protected. 


To Order by Mail, Send $199 
Pius $12.50 Shipping and Handling to: 
(In Georgia. add applicable sales tax.) 


Peachtree Software 


A Member of tbe [nteliigent Systems Family 
4355 Shackleford Road, Dept. BYT, 
Norcross, GA 30093 
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CLEO is your SNA or BSC Gateway 


Remote Sites Communication 
Whatever your industry, your remote 
computers need to share information with 
your mainframe. Or, they need to exchange 
data with other remotes. In either case, you 
need a total solution at the remote sites. You 
need software, hardware interfaces and 
modems that all work together smoothly. 
You need CLEO! 

CLEO software products allow micro- 
computers to communicate with mini- 
computers and mainframes, and to emulate 
their workstations. Since 1981, CLEO has 
provided remote communications between 
micros and mainframes for the automotive, 
insurance, medical and banking industries. 
Today over 66,000 CLEO users worldwide 
are running on all major brands of micro- 
processors. The greatest number of these 
users run CLEO software on IBM Personal 
Computers and NETBIOS LANs. 
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Complete 

Software/Hardware Package 
Every CLEO package contains all the soft- 
ware and hardware accessories needed at the 
remote site. Your selected CLEO SNA or BSC 
software is packaged with 1) an internal 
modem card for dial-up applications, or 2) 
an interface card and cable for use with your 
existing modem. There's no waiting for non- 
CLEO add- ons. And, you get prompt, single- 
ғ. POLICE 5егу ісе. 


Package prices 
range from $795.00 for 

most stand-alone packages, up to $1,995.00 
for the 32-user SNA gateway. 
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CLEO 

now delivers 
2278 coax cards 
at 220 00; ле 
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Call us today to discuss 
your application. 


CLEO Software 

1639 North Alpine Rd. 
Rockford, IL 61107 
Telex 703639 

FAX 815/397-6535 


Headquarters: 


USA: 1-800/233-2536 
Illinois: 1-800/422-2536 
International: 815/397-8110 


Sales and Distribution: 
Benelux: 31 (71) 215281 
Canada, Fast: 800/361- 3185 
Canada, West: 800/361-1210 
Canada, Montreal: 514/737-3631 
Colomhia, S.A: 12172266 
Denmark: 1628300 
England: 0908667737 
France. 146861136 

Iraly: (0331) 634 562 
Mexico City: 596-5539 
Sweden: 8 7á0 5070 


CLEO 


CLEO and 3780Phos are registered trademarks of CLEO Sofrware. ІВМ is a regisitred trademark of Insernationa! Deinem Machines Corporaion. 


SYSTEM REVIEW 


Commodore 
Opens the Amiga 


The Amiga 2000 is poised to be 
а player in an ІВМ PC-compat- 
ible world. Unlike Commo- 
dore's Amiga 1000, the 2000 is 
expandable through internal 
slots and space for additional 
disk drives. Moreover, when 
equipped with the optional PC- 
compatible Bridgeboard, the 
2000 can run MS-DOS soft- 
ware and use PC peripherals. 
Commodore has coupled these 
additions with the Amiga's 
existing strengths—superb 
graphics capabilities and a 
multitasking operating sys- 
tem—and has priced the base 
system at $1995. 

Based on the same CPU and 
video hardware as the Amiga 
500 and 1000, the 2000 uses a 
7.14-MHz 68000 and supports 
it with a set of custom direct- 
mernory-access (DMA) copro- 
cessors for graphics, audio, and 
disk I/O. The standard 2000 
comes with 1 megabyte of 
RAM, one 880K-byte 31-inch 
floppy disk drive, and 256K 
bytes of ROM. The machine has 
the same display architecture and soft- 
ware compatibility as the 500 and 1000. 

The 2000 adds an IBM PC-compatible 
coprocessor capability to the bus, which 
has seven expansion slots (see photo 1). 
Five of the slots form a 100-pin Amiga- 
compatible bus; two of these also accept 
AT-compatible boards, and you can place 
the Bridgeboard in either of them. The 
two remaining slots are XT-compatible. 
In addition to the seven main slots, an 86- 
pin CPU coprocessor slot connects di- 
rectly into the 68000 bus and is intended 
for use with enhancements such as a 
68020 card. Finally, a custom video slot 
brings out most of the Amiga's video sig- 
nals for use with boards such as genlocks 
or video enhancements. 

Also new on the 2000 is space for three 
drives: two 3!^-inch floppy disk drives 
and one half-height 5!4-inch floppy or 


Charlie Heath 


Will a new open architecture 
and IBM PC compatibility 
spur the Amiga 2000 to success? 


hard disk drive. The review system had 3 
megabytes of RAM, consisting of 512K 
bytes of 150-nanosecond chip RAM, 
512K bytes of on-board 150-ns fast 
RAM, and 2 megabytes of 150-ns RAM 
on an expansion card. The system also 
had a 4.77-MHz 8088-based Bridge- 
board with a 5!4-inch floppy disk drive, 
the А1084 analog and digital RGB/com- 
posite monitor, an optional 2090 hard 
disk controller, and a 20-megabyte ST- 
506 hard disk drive. (Commodore 
doesn't sell a hard disk drive for the 
2000, preferring to let dealers configure 
the system.) Depending on the price of 
the hard disk drive, a comparable system 
costs about $4000. 


An Improved Design 
Commodore designed the original 2000 
in Germany but redesigned the unit be- 


fore shipping it in the U.S. (For 
a full technical description of 
the original 2000, see the pre- 
view in the March 1987 BYTE.) 
The redesigned system uses а 
custom animation chip, known 
as the "Fat Agnus," from the 
500. This custom chip incorpo- 
rates several support chips from 
the original Agnus DMA con- 
troller, the heart of the Amiga's 
coprocessing system. 

The redesign also enhances 
the video slot. The new slot 
brings out all 12 bits of RGB 
video data to the edge connector 
and incorporates control logic 
from the peripheral bus. In ad- 
dition, the company redesigned 
the 86-pin CPU coprocessor 
slot to improve system stability 
and to allow a coprocessor to 
work in a bus-sharing copro- 
cesssor mode. 

The 2000 has room for an in- 
ternal hard disk drive and can 
use relatively inexpensive PC- 
compatible ST-506 hard disk 
drives. This solves one of the 
more difficult problems with 
add-on hardware for earlier Amigas: 
Hard disk drives for the 1000 were ex- 
pensive and not particularly reliable. 
Most of the drives for the 1000 use Mac- 
intosh-compatible SCSI boxes and a cus- 
tom controller card. 

You still need to add a hard disk con- 
troller to the 2000, which has no built-in 
SCSI port. Commodore's 2090 control- 
ler, which has two SCSI connectors, lets 
you attach up to nine devices (two ST- 
506-compatible and seven Macintosh- 
compatible SCS] devices). By the time 
this review appears, several controllers 
Should be available from other compa- 
nies, including ASDG and MicroBotics. 
The delay in getting third-party control- 
lers for the 2000 is partly due to the fact 
that Commodore is still finalizing the 
specs for auto-booting devices; the cur- 

continued 
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Amiga 2000 


Company 

Commodore International 
1200 Wilson Dr. 

West Chester, PA 19380 
(215) 431-9100 


Components 

Processor: 68000 running at 7 14 MHz 
Memory: 1 megabyte of RAM, 
expandable to 9 megabytes 

Mass storage: One 880K-byte 3Ve-inch 
floppy disk dnve; space provided for two 
additional disk dnves 

Display: Optional (see below) 
Keyboard: Detached 94-key keyboard 
with 10 function keys, cursor keypad, and 
18-key numeric keypad 

НО interfaces: One RS-232C serial 

port: one DB-25 parallel port; two ОВ-9 
yoystick ports; two audio outputs (ВСА 
type); DB-23 RGB analog or digital 
output; monochrome video output 
(ВСА); external disk drive connector, five 
Amiga expansion slots, two IBM PC AT 
slots (shared with two Amiga slots), and 
two IBM PC XT slots: CPU coprocessor 
slot; custom video slot 

Other: Optomechanical two-button 
maussa; battery-backed clock/calendar; 
200-walt power supply 


Size 
17% by 1534 by 6% inches; 
28V» pounds 


Software 

AmigaDOS 1.2, including Kickstart 1.2 
in ROM, Workbench 1.2, Amiga BASIC 
1.2, and utilities 


Options 

Internal and external 3¥2-inch and 
5%-nch floppy disk drives: $199.95 
to $299.95 

Hard disk controller: $399.95 

2-megabyte RAM expansion card: 
$499.95 

Bridgeboard (includes 5!A4-inch floppy 
disk drive): $699.05 

Analog and digita! RGB/composite 
monitor: $399.95 


Documentation 

300-page Introduction to the 
Commodore Amiga 2000; 291-page 
Amiga BASIC 


Price 

Base system: $1995 

System as reviewed (excluding 20- 
megabyte hard disk drive): $3995 


Inquiry 884. 


rent system software requires that the sys- 
tem make the initial boot from the inter- 
nal floppy disk drive. Commodore is also 
designing a new file system that the com- 
pany says will run as much as 4 times 
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DISK ACCESS IN BASIC (IN SECONDS) 
READ 


WRITE 


BASIC PERFORMANCE (IN SECONDS) 


SIEVE 


200 


LOAD 


SYSTEM UTILITIES (IN SECONDS) 


40K FILE COPY 


to =) ю 4n 59 


CALCULATIONS 


mw AMIGA 2000 
em PC BRIDGEBOARD/AMIGA 2000 


AMIGA 1000 
IBM PC 


Тһе Disk Access benchmarks write and then read a 64K-byte sequential text file to a 
floppy disk. Sieve runs one iteration of the Sieve of Eratosthenes, Calculations performs 
10,000 multiplication and division operations. The Spreadsheet tests load and 
recalculate а 25- by 25-сөй spreadsheet. The 40K File Copy benchmark copies a 40K- 
byte file using the system utilities. All tests on the Amiga 2000 and 1000 were run using 
Kickstart/Workbench 1.2; the Amiga spreadsheet tests were run with Lattice's Unicalc 
1.0. Amiga BASIC 1.2 was used for BASIC tests on the Amiga 2000; ABasiC 1.0 was 
used on the Amiga 1000. Tests on the Amiga Bndgeboard and ІВМ РС were run with 
MS-DOS 3.2 and GWBASIC 3.2; the spreadsheet tests were run with Multiplan 1.0. 


faster with DMA hard disk drives. The 
new file system is slated to ship sometime 
this spring as part of a Workbench 1.3 
upgrade. 

АП the Amigas—the 500, the 1000, 


and the 2000—come with built-in serial 
and parallel ports. The original 1000 had 
connectors that are the reverse of connec- 
tors normally used with IBM PC-com- 
patible systems; thus, it was difficult to 
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get the correct custom cables. With the 
2000, as well as with the 500, the ports 
are redesigned so that the pins supplying 
power are current-limited, making it safe 
to plug in nearly апу IBM-compatible 
printer or modem. 

This redesign also has an impact on 
NewTek's Digi-View video digitizer, one 
of the driving forces behind the market 
the Amiga dominates: desktop video. 
Digi-View lets you digitize in color by 
doing separate passes of a video image 
with a black-and-white television cam- 
era. The hardware plugs into the parallei 
port and uses the power available on the 
port to run the digitizer. The redesigned 
ports on the 2000 mean that you can use 
Digi-View with a cable adapter available 
from NewTek for $21.95. 

Currently, the system software for the 
2000 is practically identical to that for the 
1000. The 2000 includes a few extra pro- 
grams, such as the Setclock program to 
read the built-in battery-backed clock. 
The 2000 aiso has Kickstart 1.2 in ROM. 


À Nitpick or Two 

The 2000 has a 94-key keyboard, ex- 
panded from the 1000's original 89-key 
keyboard. The additions, which include a 
numeric keypad, make the keyboard 
more suitable for use as an IBM PC- 
compatible system. Compared to the 
1000's keyboard, though, the 2000's 
keyboard does not have as nice a feel; the 
keys are stiff, and they bottom out abrupt- 
ly. Commodore says it is now shipping a 
new keyboard with the 2000; it has the 
same layout, but it may have a different 
feel. 

The fan on the 2000 is louder than the 
1000's fan, which was so quiet you 
couldn't tell it was there. The 2000's fan 
is quieter than those on most AT clones, 
but compared with the 1000's it's a howl- 
ег. However, you might not notice it if 
you instal] a hard disk drive, most of 
which are even noisier than the fan. 


Amiga versus 

As the benchmarks show (see page 138), 
the Amiga 2000’s performance is almost 
identical to the 100075, except for differ- 
ences due to fast RAM. The 2000's mem- 
ory bus is mapped into different areas, 
with 512K bytes of chip memory (which 
is addressed by the custom graphics and 
audio chips) and 512K bytes of fast mem- 
ory on a separate bus. On the 1000, pro- 
grams usually run in chip memory be- 
cause the entire 512K bytes of internal 
RAM is chip memory. By loading pro- 
grams into fast memory, the 2000's CPU 
can avoid bus contention with the custom 
chips in chip memory. This results in 
programs running about 3 percent faster 
than on the Amiga 1000 right off the bat, 


and over twice as fast when a lot of cus- 
tom chip memory contention occurs, 
such as with a high-resolution 16-color 
display. 

The current design lets the Amiga's 
custom chips address 512K bytes of chip 
memory; this memory gets used up 
pretty quickly when you're doing anima- 
tion and desktop video, The Fat Agnus 
chip has the external enhancements to ad- 
dress at least | megabyte of chip RAM, 
but it still can handle only 512K bytes in- 
ternally. However, the 2000's design will 
eventually be able to accommodate re- 
placement plug-in chips that address a 
full megabyte of chip RAM. 

With the Fat Agnus, unfortunately, the 
first 512K bytes of fast memory is con- 
troiled by the same logic as the chip mem- 
ory bus. If you try to access programs or 
data in this area of fast memory, it will 
run at the same speed as a chip memory 
access. Commodore supplies a program 
called SlowMemLast that designates this 
first 512K bytes of fast RAM as the last 
fast RAM allocated; this gives you the 
best CPU performance. 

I recommend getting at least 2 mega- 
bytes of additional RAM with a 2000. 
The extra RAM gives the system the 
room it needs to run software quickly and 
reliably, Setting up a RAM disk can give 
the system near-instantaneous response 
and let software run without pushing the 
limits of the machine. 

No problems showed up on the 2000 
with existing Amiga software. I estimate 
that 99 percent of all software that works 
on the 1000 will work on the 2000. Some 
game programs that directly access the 


Photo 1: The 
Amiga 2000's seven 
expansion slots 

hold a wide variety 
of Amiga and PC 

оғ AT add-in boards. 


! 


Photo 2: The 
Bridgeboard puts a 
PC system inside 
the Amiga box, 
complete with an 
8088 processor, 

an 8087 marh 
coprocessor, 

and RAM. 


keyboard may fail because of slight tim- 
ing changes, but software that uses the 
ROM routines as advised by Commodore 
will not have this problem. Glitches could 
also occur with a few programs, such as 
those for audio digitizers, with tight tim- 
ing loops that don't adjust to the presence 
of fast RAM or that can't work with a 
faster CPU. 


Amiga versus PC 

The 2000's Bridgeboard is a good copro- 
cessing implementation, letting two com- 
pletely different systems run in one box at 
(һе sarne time (see photo 2). The Bridge- 
board comes with a 4.77-MHz 8088 pro- 
cessor, а socket for ап 8087 math copro- 
cessor, ап ІВМ PC-compatible Phoenix 
BIOS enhanced to work with AmigaDOS 
and MS-DOS, and 512K bytes of RAM. 
The board also comes with a 360K-byte 
S'4-inch floppy disk drive, installation 
software, and MS-DOS 3.2 and GWBA- 
SIC 3.2. With the Bridgeboard installed, 
you can add up to three PC or AT expan- 
sion cards, including memory boards 
such as Intel's Above Board, graphics 
adapters, internal modems, hard disk 
cards and controller cards, RS-232C 
serial cards, and network boards. 

То an MS-DOS program, the Bridge- 
board looks just like a normal PC-com- 
patible system, with a couple of differ- 
ences. Most notably, the Bridgeboard 
uses the interrupts for the second COM 
port on a PC to synchronize with the 
Amiga. This can be a problem if you want 
to hook up a plotter or mouse that usually 
uses the second COM port. On the 

continued 
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Amiga side, things are a bit more com- 
plex because the Amiga needs to provide 
keyboard and display facilities for the 
Bridgeboard. The Amiga's existing 
multitasking windowing software han- 
dles all this, letting the PC run as a win- 
dow within the Amiga. 

How well does this work? The most 
noticeable difference is that the Bridge- 
board's PC display is a bit slower than 
that of a normal PC. This is because the 
Amiga needs to convert the PC mono- 
chrome or color graphics display into a 
bit-mapped display—a very processing- 
intensive operation. Unlike software em- 
ulations, however, the 8088-based board 
still runs at full speed; the display is just 
updated a fraction of a second slower than 
usual. 

The main impact on performance 
comes оп the Amiga side, where the PC 
looks like a graphics-intensive operation. 
Depending on the application, Amiga 
programs may slow down since the 
Amiga has to keep the display refreshed. 
For example, the BASIC Calculations 
benchmark took 17.2 seconds when run- 
ning on the Amiga without the Bridge- 
board. I also ran this benchmark while 
running a short BASIC program (1.е., 10 
for 1=0 to 100000: print i: next і) оп 
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the Bridgeboard in monochrome mode. 
This time, it took 62.34 seconds—a 
nearly worst-case time that reflects the 
effect of an "active" display task on the 
Bridgeboard. When I ran the benchmark 
with the same program on the Bridge- 
board with no display updating (i.e., 10 
for 1=0 to 100000: next i), the time 
was 17.28 seconds, practically the same 
as without the Bridgeboard. 

Generally, the software interface be- 
tween the Amiga and PC sides worked 
well. When my review machine first ar- 
rived and I tried to run the Bridgeboard, I 
got the сгурис error message Library 
not found, This turned out to mean that 
the Bridgeboard was not properly seated 
in its socket and was not initializing. As a 
result, the board's Janus library (which 
handles Amiga/Bridgeboard communi- 
cations) wasn't installing itself during the 
auto-configuration. Opening the box and 
reseating the Bridgeboard solved the 
problem. 

Several nice additions to the Bridge- 
board let you use some features of 
AmigaDOS and Intuition (the underlying 
part of Workbench) when you're running 
programs on the Bridgeboard. For exam- 
ple, you can cut and paste with the 
Amiga's clipboard anywhere т an MS- 


DOS text window. Another nifty addition 
Is the ability to freeze a window display 
and then keep running in another win- 
dow. This way, you can get a graph from 
Lotus 1-2-3, freeze the window, and plot 
another graph in another window. You 
can then look at either the old frozen win- 
dow or the current window. The result of 
this interaction is a system that's more 
useful and convenient than a plain MS- 
DOS operating environment, 

You can also set up virtual disks that 
reside either in RAM or on disk on the 
Amiga side of the system and can be ac- 
cessed by MS-DOS. Similarly, you can 
partition an MS-DOS hard disk so that 
AmigaDOS uses one of the partitions as a 
disk drive. 

1 ran my Lotus 1-2-3 version 2.01 
spreadsheets, and everything came up the 
same as it does on my Compaq Portable. 
To use a printer from the Bridgeboard, 
you need to run a program on the Amiga 
to swap control of the printer over to the 
Bridgeboard, but once that's done it 
works fine. Brief 1.03 also ran without a 
hitch. My company's golf game Mean 18 
(the CGA-only version) ran on the board, 
although the display latency can be a prob- 
lem with action games that have fast- 
changing animation. But then, who'd want 
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to play a game on the Bridgeboard with the 
Amiga only a bus connector away? 


More Horsepower to Come 
Commodore has announced a 10-MHz 
80286 Bridgeboard and a 14-MHz 68020 
board that fits into the 2000's copro- 
cessor slot. According to the company, 
the 68020 board includes a 6888] math 
coprocessor, a 68851 memory manage- 
ment unit, and 2 megabytes of RAM, and 
it is supposed to run Unix. The company 
expects to ship the 80286 board in May or 
June and the 68020 board in the fall, but 
prices are not yet set. Other 68020 boards 
are available, including one from Com- 
puter System Associates. 

One of the most talked-about deficien- 
cies of the Amiga 1000 has been the qual- 
ity of National Television System Com- 
mittee (NTSC) interlaced video. The 
same thing that makes the Amiga so ap- 
pealing to video engineers that need an 
NTSC video signal and genlock makes 
the display poor as an engineering work- 
station: The high-resolution (over-400- 
line) display uses interlaced video that re- 
sults in a 30-Hz display update rate, and 
this introduces flicker. (Display monitors 
need a refresh rate of at least about 50 Hz 
to avoid flicker.) 


Circle 201 on Reader Service Card 


[ees the people WEE milters are | 


Micro Way has announced a display de- 
interlacer that will take the Amiga's 
video and buffer it so it can be displayed 
on MultiSync-style monitors at double 
the normal display rate. This should re- 
sult in a flicker-free display that's equiva- 
lent to IBM VGA monitors; with over- 
scan, you can display about 704 by 470 
pixels. MicroWay will sell this board, 
which should be available by the time you 
read this, for about $600. 

Commodore is also working on the 
A2024 monitor with a 1008- by 800-pixel 
15-inch display, but only in four shades 
of gray. The monitor actually captures 
standard Amiga display output and con- 
verts it for redisplay at higher resolution 
at a 15-Hz refresh rate. The A2024, 
though, has only a 14-inch screen, and 
most people prefer a somewhat larger 
display to match the high resolution. The 
А2024 will be great for desktop publish- 
ing and CAD applications, but some soft- 
ware will require special programming to 
access the high resolution. The monitor 
should be available in May or June. 


The Difference Is Worth It 

The Amiga 2000 is a powerful system 
with a lot of promise, particularly with its 
video animation and multitasking. But is 


the 2000 worth 50 percent more than the 
original 1000? From a software and per- 
formance perspective, the two machines 
are practically identical. The difference 
is in expandability, The 2000 lets you ex- 
pand with internal components, making 
for a more compact footprint than a simi- 
larly expanded 1000. You can also ex- 
pand the 2000 more reliably due to its 
more robust bus architecture. 

Finally, expansion boards and hard 
disk drives for the 2000 are Jess expen- 
sive than equivalent 1000 expansions. 
The 2000 can use off-the-shelf hard disk 
drive components, and the system's ex- 
pansion cards do not require a complete 
expansion box, just a PC card. And given 
the 2000's PC compatibility, the choices 
are wide open. 

If you need an expandable Amiga sys- 
tem, especially with MS-DOS compati- 
bility, the 2000 is worth the extra cost. 
For desktop video, the Amiga 2000 can 
outperform Macintosh 115 and 80386- 
based machines at an affordable price. Ш 


Charlie Heath, vice president of Micro- 
smiths inc. in Cambridge, Massachu- 
setts, has developed several Amiga pro- 
grams, including TxEd, Mean 18, Fast- 
Fonts, and ARP. 
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The documents on these pages were prepared 
entirely with Microsoft. Excel. From the calcula- 
tions to the graphics to the stunningly crisp layout. 

What you see here is a clear statement of the 
difference between Microsoft Excel and every 
other spreadsheet. 

Only Microsoft Excel can give your printed 
work such power to impress. Because only 
Microsoft Excel can harness the full 
power of the new computers, high- 
resolution displays, and laser printers. \ 


Looks that thrill. 


Microsoft Excel brings photographic 
clarity to everything on screen and in print. 
Which lets you make even your daily reports — | 
look as good as annual reports. \ 

Microsoft Excel works wonders with 


graphics, too. You can instantly turn its massive \ gx 
spreadsheets into any of 44 charts. Customize them \ nr age, 
with everything from simple arrows to 3-D labels. \ = gi 


And preview pages before you print. So when Graphics 
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you finish, what you have in hand is exactly what уоп ^ So they can see what 
had in mind. 

In short, Microsoft Excel lets you display what people want to see most. 
The point. 


you mean. 


The best program on television. 


Of course, theres much more to show, so call for your 

copy of our video: (800) 323-3577 ext. D17 
You'll see twenty minutes of possibilities bevond any 
other spreadsheet. 

The tape goes for $10, but you get that back when you get 
Microsoft Excel. Or simply zip to your dealer and try Microsoft 
Excel firsthand. 

And see how it gives even the simplest statement the power to say far more. 


N 


The soul of the new machines 


Microsoft and the Microsoft logo are registered trademarks and The soul of the new machines is a trademark of Microsoft Corporation. 
Company names and data used in the output are fictitious. 
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The CrystalPrint VIII and the Crystal Jet 
offer alternatives to laser printers 


results between the LaserJet 
and the CrystalPrint are about 
what would be expected due to 
the differences in the setups. 
The Crystal Jet was slower be- 
cause it depends so heavily on 
the host computer's CPU. 


Taxan Crystal Jet 

The Crystal Jet is a solid page 
printer. It's more flexible than 
the CrystalPrint VIII; it's also 
somewhat more difficult to set 
up. At $3495, it is more expen- 
sive, too, but the price includes 
the PS2.0 printer controller 
scanner interface board—a full- 
length PC card with 2 mega- 
bytes of 120-nanosecond RAM. 
The Crystal Jet also comes with 
CrystalControl 3.0 software, 
the Fontware font program for 
Ventura Publisher, and a cable 
to connect the printer to the in- 
terface card. 

The Crystal Jet can print 300-dot-per- 
inch (dpi) text and graphics. With 2 
megabytes of memory on the interface 
card, it can easily handle full-page 
graphics. 

The front panel includes a two-digit 
LCD for error and status messages, six 
LEDs to indicate various conditions 
(e.g., ready or data being transmitted), 
and four push buttons to place the printer 
on- or off-line, select the mode, and con- 
trol automatic paper-feed. 

The installation process is of average 
difficulty for a laser printer, and the man- 
uals adequately cover the details. The 
process involves inserting the PS2.0 in- 
terface card in the computer, attaching 
the cable, and running the installation 
software. The software consists of a 
driver program and the CrystalControl 


program. 

The Crystal Jet is designed to work 
only through the CrystalControl program 
supplied with the printer; there is no way 
to run the printer without it. Through the 
CrystalContro! program, you can select 


The Taxan Crystal Jet LCS printer. 


the printer emulation, set page param- 
eters, and select type fonts and printer 
ports. CrystalControl comes in both 
memory-resident and conventional ver- 
sions. The pop-up version is 91K bytes, 
while the conventional version is 97K 
bytes. With the memory-resident ver- 
sion, you can pop into the Setup program 
from within another program to set page 
parameters or select an emulation. This is 
handy, but don't expect to call it from a 
program that redefines the keyboard, 
such as SuperKey. 

CrystalControl’s menus make the 
Crystal Jet easy to use, but you give up 
some control over your system param- 
eters. When you install CrystalControl, 
the program rewrites your AUTOEXEC . ВАТ 
file and resets some parameters (e.g., 
files = 15) in CONFIG.SYS. This is fine if 
you don't mind programs thal go tromp- 
ing through your AUTOEXEC.BAT and 
CONFIG.SYS files, but we would prefer to 
set the parameters ourselves. 

CrystalControl also creates a dummy 
printer port called JET. Your computer 


thinks it is talking to LPT1, but 
actually it is running through 
JET. This means that Crystal- 
Control will not work with the 
Mode command enabled. It also 
has the potential for raising so- 
phisticated hell with software 
that directly accesses the print- 
er port hardware. 

The Crystal Jet differs from 
other printers in that the elec- 
tronics that control the printer 
are installed in the host com- 
puter. The PS2.0 interface 
board includes 2 megabytes of 
RAM (not expandable), the 
printer interface, and the scan- 
ner interface. The board is thick 
{it’s actually two boards joined 
together), and it may be a tight 
fit if placed next to a modem or 
a hard disk drive card. 

One unusual aspect of the 
Crystal Jet is that the PS2.0 
board uses the computer's CPU 
to produce the bit map for printing (see 
photo 1). Unlike the CrystalPrint VIII or 
the LaserJet, which have internal micro- 
processors to handle such jobs, the Crys- 
tal Jet's speed depends directly on the 
processing speed of the host computer. 
Thus, the Crystal Jet limps when it's at- 
tached to a standard ІВМ PC running at 
4.77 MHz. It takes the processor so long 
to build the bit map of each page that the 
printer's speed suffers badly, as you can 
see in the benchmark results in table |. 
When we reset the computer to run at 7.1 
MHz, the printer's speed improved ac- 
cordingly, although it still lagged behind 
the CrystalPrint and the LaserJet, espe- 
cially on graphics jobs. 

Based on the 4.7-MHz and 7.1-MHz 
timings, we estimate that on ап 8-MHz 
AT the Crystal Jet should be about as fast 
as the CrystalPrint or the LaserJet. On 
80386-based systems, it should run even 
faster. We would not recommend using 
this printer with anything slower than an 
8-MHz AT-class computer. 
continued 
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HARDWARE REVIEWS 


Laser Printing Without Lasers 


Rick Cook and Paul Schauble 


They look and act like laser 
printers, but the Taxan Crystal 
Jet and the Data Technology 
CrystalPrint VIII don't use 
lasers. Both are liquid-crystal- 
shutter (LCS) printers that use a 
different xerographic method to 
produce a printed page. 

Laser printers use a laser 
beam reflected off a rotating 
mirror to write text or graphics 
images on a photosensitive 
drum. LCS printers have a print 
bar holding 2400 individually 
controlled liquid crystal shut- 
ters. These individual shutters 
turn on and off to control the 
high-intensity light that writes 
text or graphics images onto the 
photosensitive drum. 

In theory, an LCS printer 
should have a few advantages. 
The LCS array is smaller, 
lighter, and more compact than 
a laser engine, and that means 
that LCS printers can be smaller. The 
printers can also be less expensive to 
make because the basic mechanism is 
simpler and doesn't require the same pre- 
cision that a laser printer calls for. А 
laser printer needs a synchronized, multi- 
faceted mirror and fairly sophisticated 
optics to focus the image on the drum; an 
LCS printer replaces all that with a fairly 
simple shutter array. (For more informa- 
tion on page printer technology, see the 
September 1987 BYTE.) 

The theory sounds good; in fact, how- 
ever, the Crystal Jet and the CrystalPrint 
VIII are no different in size, weight, and 
price from laser printers in the low-to- 
medium price range: The Crystal Jet lists 
for $3495, and the CrystalPrint VIII costs 
$2495. According to Taxan, LCS printers 
will be cheaper to make than convention- 
al laser printers once the manufacturers 
get their volumes up. 

Both of the reviewed printers are based 
on the 8-page-per-minute Casio LCS en- 
gine, which uses separate drum and toner 
cartridges. The print quality of both 
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Data Technology Corp. 's CrystalPrint VIII LCS printer. 


printers is fairly good but slightly inferior 
to the quality of the Hewlett-Packard 
LaserJet. Inspection under a magnifier 
revealed that gray scales weren't as good, 
images were less sharp, and there were 
more "freckles" in the white parts of 
images. The grays appeared decidedly 
washed out compared with the Laser- 
Jet's. However, except for the gray 
scales, none of these differences are 
likely to be apparent to the untrained ob- 
server, and both printers do an excellent 
job of emulating the LaserJet. Like the 
LaserJet, neither of these systems is Post- 
Script-compatible. 

The Crystal Jet and the CrystalPrint 
VIII eject their output face up, which is 
less convenient than the LaserJet's face- 
down presentation. Each printer has an 
optional automatic feeder that attaches to 
a door on the printer's back. The auto- 
matic feeder lets work pass straight 
through the printer, avoiding the 180-de- 
gree turn required with the conventional 
feeder, This is especially convenient for 
such items as envelopes and transparen- 


cies. The back door is also very 
handy for clearing paper jams, 
although neither printer 
jammed during our tests. 

Like the LaserJet, the re- 
viewed printers use a two-char- 
acter LCD readout on the front 
panel to display error codes and 
printer status information. This 
may be the standard, but a cryp- 
tic code that you must look up in 
а manual is decidedly less con- 
venient than a display that tells 
you exactly what's happening. 
However, both companies list 
the most common error codes 
on à chart that you can place on 
top of the printer. 


About the Tests 

We tested the printers using a 
30-page text file, measuring the 
time each took to print the en- 
tire file, to print one page from 
the file, and to print 30 copies 
of that single page. For mixed text and 
graphics, we used a file called SCOOP, 
supplied as an example file with Ventura 
Publisher. It contains the now-famous 
pictures of the space shuttle and the noz- 
zle, as well as a mixture of type sizes and 
styles laid out in a 1-page newsletter for- 
mat. Finally, we ran the full Ventura Pub- 
lisher example file, which consists of 30 
pages of material designed to show off 
everything Ventura Publisher can do. 

We printed all test files to a disk file 
first and then sent them to the printers 
using the DOS PRINT command and the 
HP LaserJet emulation; with this proce- 
dure, the test timings did not count the 
time Ventura Publisher took to compose 
the files. All timings are in hours:min- 
utes: seconds (see table 1). 

We ran the tests on PC XT-compatible 
computers running at 4.77 and 7.1 MHz, 
and we timed the printers at both speeds. 
For comparison, we had an HP LaserJet 
with 512K bytes of RAM connected to an 
8-MHz AT compatible driving the printer 
via a parallel port. The differences in 
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Outstanding Flexibility 
Unlike many page printers, the Crystal 
Jet does not use font cartridges. Instead, 
the CrystalControl. program loads fonts 
into the interface board's memory. This 
is arguably less convenient than font car- 
tridges but, given CrystalControl's ease 
of use, not onerously so. It is also much 
cheaper than buying font cartridges at 
$150 to $200 apiece. 

The printer package includes four resi- 
dent fonts, and you can add others. In ad- 
dition, the Crystal Jet's software includes 


Photo 1: The P52.0 printer/scanner 
controller board. It is composed of two 
boards connected together to occupy 
one slot. 


30 copies of a single page of text 
4.7 МН? 0:03:42 0:04:22 0:03:58 
| 7.1 MHz 0:03:46 0:04:14 
Mixed text and graphics: 
Ventura Publisher SCOOP file 
| 4.7 MHz 0:02:01 0:08.38 0:08:40 
| 7.1 МН? 0:02:01 0:05.24 
Mixed text and graphics: 30-page 
Ventura Publisher example file 
4.7 MHz 0:40:08 1:26:33 0:32:31 
7.1 MHz 0.38:39 0:55:46 


Warm-up time (ready to print) 
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Table 1: The benchmark results show that the CrystalPrint VIII was the 
fastest in all tests except for the mixed text and graphics 30-page example file. 
The Crystal Jet was limited in speed because it depends on the host 
computer's CPU. АН times are in hours: minutes:seconds. 


CrystalPrint 


30-page text file 
4.7 MHz 0:03:44 Q:13:12 0:04:04 
7.1 MHz 0:03:46 0:09:23 


One page of text 
4.7 MHz 0:00:18 0:00:34 0:00:29 
7.1 MH2 0:00:18 0:00:27 


Fontware for Ventura Publisher. Font- 
ware, from Bitstream, is a sophisticated 
typographic program that produces pre- 
cisely fitted fonts in any selected size. In- 
stead of having two or three fonts to cover 
all sizes and enlarging or reducing them 
as needed, Fontware designs each font for 
the exact size needed. The Bitstream 
Charter font is standard with the printer, 
and a library of other fonts is available. 
Fontware requires an AT, and the man- 
ual recommends adding a math copro- 
cessor and an Intel Above Board (or a 
similar product) to increase memory to at 
least 640K bytes before using Fontware. 
Since our test systems were PCs, we did 
not try to test the Fontware package. 
CrystalControl printer emulations in- 
clude the HP LaserJet (the default) and 
LaserJet Plus, NEC 3350 and 5510, 
Qume Sprint 5, Diablo 630, Epson 
MX/FX, and the IBM Graphics Printer. 
The Crystal Jet does a solid job of emulat- 
ing the LaserJet and the Epson MX; it ran 
the Ventura Publisher sample pages in 
Epson emulation mode without a hitch. 
Because the printer emulations, fonts, 
and configuration controls are in soft- 
ware, and because of the way the printer 
uses the host computer’s CPU, the Crys- 
tal Jet is an extremely flexible printer. 
You can configure the printer the way you 
want without having to set switches or in- 
stall cartridges; your hands needn’t leave 
the keyboard. At the cost of some compli- 


Crystal Jet НР (8-MHz АТ) 


cation in setup, you have much more con- 
trol over the printer. In fact, flexibility is 
probably the Crystal Jet's most outstand- 
ing feature. 

Installing the Crystal Jet's separate 
drum and toner cartridges is slightly less 
convenient than using the Canon all-in- 
one cartridge on the LaserJet; on the 
other hand, you don't have to discard a 
drum with life left in it because you are 
out of toner. Replacement drums cost 
$75, and toner cartridges are $60. Instal- 
lation is very easy: With the printer open, 
simply slide the drum and the toner car- 
tridge into place and lock with the flick of 
a lever. 

According to Taxan, the drum lasts for 
10,000 pages, and the toner cartridges 
are good for 5000 pages. The life of the 
print engine is given as 300,000 copies, 
which is about the life of a LaserJet. The 
duty cycle is given as 800 pages per day. 

The Crystal Jet comes with a one-year 
warranty. Taxan says it will provide ser- 
vicing through its offices. 


Substantial Documentation 

The documentation consists of four man- 
uals: an installation manual, mislead- 
ingly labeled Instruction Manual; the 
Crystal System manual, which covers in- 
stalling the interface board and setting up 
various software packages for use with 
the printer; the CrystalControl User's 
Guide, which covers the control program 
for the printer; and the Fontware Installa- 
tion Kit for Ventura Publisher User's 
Guide. 

The documentation ranges from excel- 
lent to adequate. The only really annoy- 
ing point was a lack of information on the 
printer's error codes. Although the com- 
mon ones, such as shell open or paper 
empty, are explained in the manuals, 
some error codes merely indicate the 
need for periodic maintenance or a fault 
with the internal printer circuitry. The 
manual gives no information at all on 
these codes; it only instructs you to call a 
service technician. 


Data Technology CrystaiPrint VIII 
Unlike the Crystal Jet, the $2495 Crystal- 
Print VIII has its controller, 1.5 mega- 
bytes of nonexpandable RAM, and 
LaserJet Plus emulation built into the 
printer. It can handle full-page 300-dpi 
text and graphics, and il comes with four 
built-in fonts. The front panel is the same 
as the Crystal Jet's. 

The CrystalPrint ran all the LaserJet- 
compatible software we tested. In fact, 
the only major difference between this 
printer and the LaserJet is that the Laser- 
Jet stacks its output face down and the 
CrystalPrint stacks it face up. 
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Now you can find a needle in the 
haystack in three seconds flat. 


І magine tossing all 
your notes an 


files into a huge desk | 
drawer. Then magically 
discovering that every 
time you want some- 
thing, it's right there 

on top. 

We call it MemoryMate. А 
new breed of data manager 
that reduces your paper clutter 
and takes the mess off your 
desk. 

Unlike structured data bases, 
MemoryMate is free-form and 
works intuitively. Once you 
enter a record (up to 60 lines 
each) every single word, phrase, and date is automatically in- 
dexed. And cross-indexed. 

Which means that MemoryMate can find that record later 
ву using any word, date, or rs in it. And MemoryMate 

oes it fast. You can search 180К on a PC XT in three 
seconds! 

And since MemoryMate is memory-resident, it's always 
there. You can access it while other programs are running. 
You can even cut and paste between MemoryMate and other 
programs. And vice versa. 

Just enter your memos, notes, tables — anything — using 
the built-in word processor. You can forget designating 
"keywords." Just like you can forget where you stashed that 
important scrap of paper or yellow Post-it". 

You can even forget all your to-do lists and deadlines. 
Because Memoriae reminds you. Tickler messages pop-up 
on screen automatically on the days you select. 

So how complex is all this to operate? MemoryMate has 
oniy 15 simple commands and they're always on screen. So 
you can access all that power easily — without having to 
remember a thing. 


Find what you need using a single word. 


Or a sentence. 

Let's say you want to call an attorney you met playing ten- 
nis last May. But you саті remember his name. All you 
remember is that you put a note about him in MemoryMate. 
So you type in the word "tennis" and hit the search key. In 
seconds, all records containing "tennis" een to appear. But 
let's say you also manage a tennis league. You've got tons of 
"tennis" entries. To narrow your search, you type "tennis 
and May and attorney". Bingo! You've got his name and 
phone number. 
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With MemoryMate- 


Is a 
better memory worth 


$69.95? 


| Much more, according to 
Michael |. Miller, InfoWorld: 
“If you've got lots of unstruc- | 
tured information to keep track 
А UN is а wonder... 


nd at 


85, it's a bargain." 


| Syndicated columnist Bob 
Schwabach is ecstatic: "I don’t | 
know quite how they did 

| it... but this thing is lightning 

| fast." 


And, right now you can get a demo disk for less than six 
bucks — which can be rebated when you buy MemoryMate. 
5o fill in the coupon below and send it in. Ánd be sure to 
do it now, before you forget. 

After all, you don't have MemoryMate to remind you. Yet. 


EE ыш M пш нн и шыш иш шш ша 
Send me the demo disk for j 
ҮЕС. 6% = ana hippie amia о 


DIM SOLD. те 


tax. 


Order Toll-Free. 24 Hours. 


1-800-527-6263 


Order by Mail: РО. Box 12947, San Rafael, CA 94913-2947 33813 | 
аз БЕ ша 0 шиа кш иш He иш & ша 


шере шеш. Broderbund” 


LASER PRINTING WITHOUT LASERS 


CrystalPrint Vill 


Type 
LCS printer 


Company 

Data Technology Corp. 
2551 Walsh Ave. 

Santa Clara, CA 95051 
(408) 727-8899 


Features 

Casio print engine, rated at 8 pages per 
minute; 1.5 megabytes of RAM; 300- by 
300-dpi resolution; serial and parallel 
ports; four resident fonts; also uses font 
cartridges and accepts апу LaserJet- 
compatible soft font; built-in LaserJet Plus 
emulation; 250-sheet paper tray 


Size 
184 by 1672 by 1372 inches; 
79У2 pounds 


Hardware Needed 
Any computer with a serial or parallel 
port 


Documentation 
112-раде Getting Started; 120-page 
Reference Manual 


Optlons 

Paper cassettes: $75 

Font cartndges A, C, Е, Н, Y, and Z: 
$195 each 

Emulation cartridges for Epson FX and 
Diablo 630 pnnters: $195 each 

250-sheet straight-through automatic 

feeder: $595 


Price 
$2495 


Inquiry 886. 


Like the LaserJet, the CrystalPrint 
VIII uses optional font cartridges ($195 
each). Although they are not interchange- 
able with LaserJet cartridges, they follow 
the same nomenclature and contain the 
same fonts. The cartridges available are 
equivalent to LaserJet's A, C, F, H, Y, 
and Z cartridges. Any LaserJet-compat- 
ible soft font will work, too. Emulation 
cartridges for the Epson FX, the Diablo 
630, and the Hewlett-Packard Graphics 
Language are also available as options. 

The printer's two cartridge ports are 
located beneath the control panel. They 
are unlabeled, but they are not identical. 
The emulation cartridge goes on the 
right, and the font cartridge on the left (as 
you face the printer). You could easily 
plug the cartridges into the wrong ports; 
this would produced an error code 18 on 
the printer's display. Unfortunately, 18 is 
not one of the codes on the quick-refer- 
ence guide on the printer, nor is it imme- 


148 BYTE * APRIL 1988 


Crystal Jet 


Type 
LCS printer 


Company 

Taxan USA Corp. 

18005 Cortney Court 

City of Industry, СА 91748 
(BOO) 772-7491 

(81В) 810-1291 


Features 

Casio print engine, rated at 8 pages per 
minute; 300- by 300-dpi resolution; PS2.0 
controller/scanner board with 2 
megabytes о! RAM; four resident fonts; 
Epson MX/FX, IBM Graphics Printer, 
Diablo 630. NEC 3550 and 5510, Сите 
Sprint 5, HP LaserJet and LaserJet Plus 
emulation; CrystalControl and Fontwara 
software; 250-sheet paper tray 


Size 
13% by 18% by 167г inches; 
88 pounds 


Hardware Needed 
IBM PC, AT, or compatible (PC AT 
recommended) 


Documentation 

47-page Fontware Installation Kit for 
Ventura Publisher; 38-page Instruction 
Manual; 126-page Crystal Control 
User's Guide; 43-page Crystal System 
manual 


Options 
Dual-feed sheet feeder: No price set 


Price 
$3495 (includes controller board) 


Inquiry 885. 


diately obvious in the documentation. 

Unlike the Crystal Jet, the Crystal- 
Print's memory is inside the printer, and 
the CrystalPrint runs off the computer's 
standard parallel printer port. There is no 
special interface card, and the LaserJet 
emulation is built in; this makes the Crys- 
talPrint easier to set up than the Crystal 
Jet. You simply install the drum and toner 
cartridges, connect the cable, and turn 
the machine on. 

On the tests, the CrystalPrint ran neck 
and neck with the LaserJet and ahead of 
the Crystal Jet. The LaserJet was slower 
in some tests because of its 512K bytes of 
memory, but it was faster in one of the 
tests because it was connected to an AT. 
By and large, however, the times are 
comparable. 


Spotty Emulation 
Іп addition to the standard LaserJet emu- 
lation, we also tested the optional Epson 


FX emulation. While the LaserJet emula- 
tion worked flawlessly, the Epson emula- 
tion didn't. 

The CrystalPrint failed when we at- 
tempted to print some sample pages from 
Ventura Publisher configured for an 
Epson printer. This test is a particularly 
severe one because Ventura Publisher 
tells an Epson printer to make three 
passes per line to get a higher resolution 
(about 216 dpi). On the CrystalPrint, this 
produced three superimposed partial 
copies of each line. However, a WordPer- 
fect lest document that puts out the entire 
character set and samples of the various 
fonts, pitches, and other printer charac- 
teristics worked perfectly in Epson mode. 

Technical support for Data Technol- 
ogy said that the company was not aware 
of a problem, but that it would try to re- 
peat the problem we had. 

The CrystalPrint's documentation is 
adequate. The installation manual, Get- 
ting Started, is complete, accurate, and 
illustrated; the Reference Manual, how- 
ever, is not as good. The last half of the 
Reference Manual is a listing of the 
LaserJet control codes in hexadecimal. 
This is perhaps useful for programmers, 
and Data Technology's listing 15 better 
formatted than LaserJet's, but it is not 
something the average user needs. The 
manuals with the review printer were pre- 
liminary versions; final versions are now 
included with the printer. 

Data Technology estimates the life of a 
toner cartridge at 5000 pages, and the life 
of the drum at 8000 pages. The duty cycle 
is 5000 pages per month. The toner car- 
tridges and drum are considerably more 


` expensive than Taxan’s—$119 and $159, 


respectively. 

The CrystalPrinter comes with either a 
one-year warranty with walk-in service 
or a 90-day warranty with service on-site. 
Service is provided through Momentum 
Service Corp., which has 140 offices 
throughout the U.S. Extended service 
contracts are available. 


No Major Advantages 
The Taxan Crystal Jet and the Data Tech- 
nology CrystalPrint are good, solid page 
printers. While LCS print engines do not 
yet offer any major advantages over а 
laser printer, we found no serious draw- 
backs either. Taken simply as page 
printers, they are worthy competitors of 
the LaserJet. They provide reasonable 
speed (assuming the Crystal Jet is con- 
nected to at least an 8- MHz AT), solid 
performance, and good, but not great, 
print quality at decent prices. 

Of the two, we consider the Crystal Jet 
to be the better value, The PS2.0 inter- 
face board, the CrystalControl program, 


continued 


CONNECT YOUR COMPUTER TOA 
HIGHER INTELLIGENCE. 


CompuServe's reference 
databases make you more 
productive, competitive, 
and better informed. 
Remember the last time you tried to 
get your hands on hard-to-find facts? [n 
a magazine article you read a year ago. 
[n a news report you never saw. Or in a 
table of data you didn't know existed. 
Imagine those facts just a few 


keystrokes away on your personal 
computer. Through CompuServe. 


Your personal research center. 
Save hours of research by going 
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straight to the reference information 
you need in seconds. 


Access thousands of sources of 
information in the areas of business, 
finance, medicine, education, 
demographics, science, law, news, 
popular entertainment, and sports. 


What you know can help you. 


Research an industry or company 
through articles, financial statements, 
and other sources. Analyze an 
investment. Assist in a job search. 
Follow market competition. Investigate 
a business opportunity. 


Check characteristics such as age, 


income, and occupation in any US. 
community. For a geography report, 
a business plan, or a family move. 

All you need to access CompuServe's 
unlimited world of information is a 
modem and just about any personal 
computer. Visit your computer dealer 
today. To order direct, or for more 
information, call or write: 


CompuServe’ 


information Services, PO. Box 20212 
5000 Asfingion Centre Blvd , Cokambus, OH 43220 


in Ohio and Canada, сай 614 457-0802 
An НАН Block Company 


APRIL 1988 * BY TE 149 


and the Fontware software provide 
flexibility; and both the board and the 
software can be replaced with improved 
versions without scrapping the printer. 
The CrystalPrint has the advantage of be- 
ing $1000 cheaper, easier to set up, and 
somewhat easier to use, thanks to the font 
and emulation cartridges. Both printers 
share the disadvantages of producing out- 
put that is not quite as good as the Laser- 


GETTING THE BUGS OUT 


Jet's and of using supplies that are not as 
widely available as those for the LaserJet. 

Someday, LCS printers may be smaller 
and cost less; in fact, Data Technology 
has already announced the CrystalPrint 
Series II ($1995), which the company 
says has the smallest footprint of any 
available xerographic page printer. For 
the time being, however, the LCS printers 
aren't any cheaper, faster, or smaller 


than laser printers. Still, if you need a 
non-PostScript page printer, the Crystal 
Jet and the CrystalPrint VIII are both 
worth а look. E 


Rick Cook is a freelance writer from Phoe- 
nix, Arizona, specializing in computers 
and high technology. Paul Schauble is a 
computer consultant doing business as The 
Second Ring in Glendale, Arizona. 


Getting the Bugs Out 


Ross M. Greenberg 


Two debugging tools: 
is AT Probe worth $1500 
more than Periscope Ш? 


Your project is due in a week. Ail beta 
test sites have been calling dutifully, indi- 
cating no major problems. Suddenly, one 
site after another calls with the same 
problem. It seems their hard disk dis- 
solved, and your program was the only 
one running when it occurred. Time to 
start debugging. 

Either of two hardware-assisted debug- 
ging systems, AT Probe ($2495) from 
Atron and Periscope III ($995) from The 
Periscope Company, may be able to help. 
Both provide a means of isolating their 
respective debugging programs from 
“normal” code space. They offer some 
unique features as well, including the 
ability to stop your code in the middle of 
anything, debug it, and then continue 
processing; real-time tracing, which only 
ICEs (in-circuit emulators) could do until 
now; the ability to breakpoint in real 
time, based on access to any component 
within the machine; and displaying and 
experimenting with the prefetch buffer. 
(For a discussion of debugging, see 
"Finding the Culprit” on page 154.) 

During the review process, I used the 
boards to solve a variety of bugs: a write 
access by a terminate-and-stay-resident 
(TSR) program outside its data space; 
problems with the initialization routines 
in two different device drivers; timing 
problems between incoming characters in 
an interrupt-driven TSR concurrent 
serial-communications program; spe- 
lunking through the innards of MS-DOS 
to determine real-time DOS usage of the 
PSP (Program Segment Prefix) and FCB 
(File Control Block) records; and using 
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breakout switches to enter the debugger 
on an apparent total-system lockup. I 
might have been able to solve some of 
these problems without a hardware- 
assisted debugging board, but it would 
have taken significantly longer. 

I tested the boards on a variety of high- 
speed AT clones with and without EGA 
displays. The EGA causes a problem with 
AT Probe because the debugger's 128K- 
byte RAM footprint conflicts with the 
memory space normally allocated for the 
EGA BIOS. (This problem :s docu- 
mented in the manual.) You can select an- 
other area, but the 128K-byte footprint is 
pretty large. At 64K bytes, Periscope 
II's DOS footprint is smaller than AT 
Probe's, so it ran on my EGA system 
without any modifications. 


AT Probe 

AT Probe 2.0 is a full-height, full-length, 
IBM PC AT card with 1 megabyte of 
write-protected on-board memory and 
the ability to be used in protected mode. 
It comes with a cable that plugs into the 
80287 socket on the AT motherboard. 
Your 80287 plugs into the cable's piggy- 
back socket. The debugger has both hard- 
ware and software components. Most of 
the software loads direcily into AT 
Probe's own memory, but 128K bytes of 
system RAM is also required. Installation 
is easy; it takes only moments. (Ап XT 
version of the board is also available.) 

А switchbox comes with AT Probe and 
is an intrinsic part of the package. It con- 
tains a Stop button, which you can use to 
break out to the debugger, and a Reset 
button, which you can optionally install 
to let you reset the computer. To install 
the Reset button, you crimp a connector 
(which is provided) to the power-supply 
reset wire (not available on ail AT 
clones). This is a permanent change, and 
['m surprised Atron didn't use a less in- 


Hardware-assisted debuggers like AT 
Probe (top) and Periscope HI (bottom) 
can significantly reduce debugging 
time—jor a price. 


trusive method. However, if you need to 
remove AT Probe from your system, you 
simply pull its reset wire out of the con- 
nector, which then remains attached to 
the power-supply wire. 

Various add-ons to AT Probe are avail- 
able: AT Source Probe ($395) lets you 
debug at the source code level in addition 
to the symbolic level; AT Software Per- 
formance and Timing Analyzer ($395) 
adds timing and performance measure- 
ment tools to the debugger; and Win- 
probe ($495) enables you to debug soft- 
ware designed to run under Microsoft 
Windows 2.0, 

Three options are also available to opti- 
mize AT Probe for specific applications. 
The /ISO option ($395) lets you run the 
entire debugging process in the 80286's 
protected mode using no system mem- 
ory. There are certain relatively obscure 
disadvantages to running the /ISO version 
(most having to do with the keyboard), 
but the beauty of running in protected 
space, where the debugger is almost in- 
visible to your own code, is worth it. 

The /PL option ($125) supports 
Plink86 Plus, a linker from Phoenix 
Technologies that resembles the standard 
Microsoft Linker but lets you use over- 
lays in a more powerful way. The /PL op- 
tion lets you set breakpoints in overlays 
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DOS system running [065 1-2-3 


THIS IS AN IBM 

PS/2 MODEL 80 
RUNNING DOS 
Under DOS, this PS/2™ is a powerful 80386-based single- 


tasking, single-user computer that can run thousands of 
DOS applications. In 16-bit, 8086 mode. 


One at a time. 


When OS/2™ becomes available, the PS/2 can become а 
multitasking, single-user computer running in 16-bit, 286 
mode that can utilize DOS applications under 05/2. 

One at a time. 

With DOS or OS/2, the PS/2 will support one user. 


1 user (DOS) 1 user (05/2) 
Cost per system" *: $12,589 $12,594 
Cost per user: $12,389 $12,594 
Circle 246 on Reader Service Card 
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$00 XENIX удеп! munning SOO Professional 


THIS IS AN IBM 
Р5/2 MODEL 80 
RUNNING SCO XENIX 


Under SCO XENIX? this PS/2 becomes a powerful 80386- 
based multitasking, multiuser computer that can run thou- 
sands of XENIX applications. In full-tilt, 32-bit, 386 mode. 
Many at a time. 

And using SCO VP/ix, * the PS/2 can multitask DOS 
applications under SCO XENIX. 

Many at a time. 

With SCO XENIX, the PS/2 will support one user. 

Or 9 users. Or even 33 users. 

And it can do all that today because you can get SCO 
XENIX for the P5/2— now! 


1 user 9 users 33 users 


Cost рег system**: $14,559 $19,726 $40,402 
Cost per user: $14,559 $2,192 $1,224 


SCO XENIX System ¥ and the SCO XENIX family of software solutions 
are available for all industry-standard 8086-, 80286-, and 80386-based 
computers, and the IBM® Personal System/2™ Models 50, 60, and 80. 


SCO 


THE SANTA CRUZ OPERATION 


(800) 626-UNIX (626-8649) 
(408) 425-7222 

FAX: (408) 458-4227 

TWX: 910-598-4510 sco SACZ 
ишер: ... decvax! microsoft! sco! info 
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GETTING THE BUGS OUT 


AT Probe 2.0 Periscope Ш 3.1 
Type | Type | 
Hardware-assisted debugger Hardware-assisted debugger 
Company Company 
Atron The Periscope Company 
12950 Saratoga Ave. 1197 Peachtree St., Plaza Level 
Saratoga, CA 95070 Atlanta, GA 30361 
(408) 253-5933 (404) 875-8080 

(800) 722-7006 
Features 
2K bus-cycle traceback buffer; 4 Features 
hardware breakpoints with t megabyte of 8K bus-event traceback butter; 64K 
on-board memory; 660K-byte symbol- bytes of on-board memory with 32 


table space; multiple software tools; 
breakout switch Reset button; 12-inch 
80287 cable (longer lengths available); 
2-foot cable on breakout switch 


Size 
5 by 1312 inches 


Hardware Needed 

IBM PC AT or compatible with 8-MHz/ 
10-MHz AT hardware-compatible bus 
structure (one 16-bit в required); one 
wait state required; 128K bytes of 
available memory 


Software Needed 
DOS 2.0 or higher; DOS 3.0 or higher 
recommended 


Documentation 
220-pags AT Probe/AT Source Probe 
Manual 


Options 

AT Source Probe: $395 

AT Software Performance and Timing 
Analyzer: $395 

Winprobe: $495 

IPL (Plink86 Plus) extension: $125 

ISO (protected-mode debugger): $395 

ASO and /PL extension: $495 

{РАО (protected-mode operation): $975 

{РАО and ІРІ. extension: $1075 


Price 
$2495 
386 Probe: $4195 


Inquiry 887. 


that you haven't yet loaded from disk. 
Another option, /PRO ($975), lets you 
run in protected mode in memory above 
the first megabyte. Combinations of these 
options are also available: /ISO with /PL 
($495), and /PRO with /PL ($1075). The 
particular software configuration I tested 
included the /ISO and /PL options and 
the AT Source Probe. 


Probing for Bugs 

Using AT Probe is straightforward. The 
command structure of the debugger re- 
quires a considerable learning curve be- 
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hardware breakpoints; ability to use 
alternate display device; multiple software 
tools; 15-inch 80x87 cable (longer 
lengths available on request); 5-foot cable 
on breakout switch 


Size 
416 by 1314 inches 


Hardware Needed 

ІВМ PC, XT, АТ, or compatible (16-bit 
bus slot required on AT), operating with 
one wait state at up to 10 MHz, 64K 
bytes of available ВАМ 


Software Needed 
DOS 2.0 or higher; DOS 3.0 or higher 
recommended 


Documentation 
218-page Periscope Manual; Quick 
Reference card 


Price | 
8-MHz version: $995 
10-MHz version: $1095 


Inquiry 888. 


cause it is not similar to DOS DEBUG; 
however, the on-screen help facility in 
two command windows makes the pro- 
cess less painful than it would be if you 
had to turn to the manual all the time. The 
user interface, however, is simply a com- 
mand-line interface. 

When invoked, AT Probe looks for its 
configuration file, PROBE.CFG, which 
contains the base address at which to load 
the software, as well as the cursor- and 
screen-addressing information required 
to use a remote serial device as if it were a 
local console. 


When you first load the debugger, it 
also looks for an INIT.MAC file, which 
can contain user-defined macros con- 
cerned with initialization. (Ап AT Probe 
macro contains a series of AT Probe com- 
mands.) Аз with any macro library, you 
eventually end up with your own set of 
specially designed tools, but AT Probe 
comes with a good set in PROBE.MAC to 
use for your initial debugging sessions. 
This set includes such macros as sector 
read, sector write, display program pre- 
fix segment, display registers, and 
display stack data. 

Once within the debugger, you can 
specify the name of the file you want to 
debug and its associated symbol tables, 
as well as any additional macro files you 
wish to load. You can examine the code in 
its disassembled state, and symbol names 
are shown after their actual addresses to 
aid in your debugging. From past experi- 
ence, I find that actually replacing the 
hexadecimal address with the symbol 
name is a bit more comfortable and clos- 
er to the original source code, but that's a 
matter of personal preference. 

Debugging an application without a 
symbol table is more difficult, but since 
AT Probe lets you enter symbol names at 
specific addresses and thereafter displays 
those symbol names, exploring code 
fragments (even DOS itself) is easier than 
before. The board devotes 660K bytes to 
keeping your symbol table in its write- 
protected memory so that it won't he 
overwritten. 

The heart of debugging, the setting of 
breakpoints, is an easy task with AT 
Probe. You can set them to occur when 
execution reaches a given location; when 
a particular range of memory ts read, 
written, or fetched by the CPU; or when a 
specified I/O port (or a particular value 
for that port) is read from or written to. 

The real power of AT Probe shows in 
its macros. The macro capability lets you 
execute an intelligent breakpoint request, 
such as: "Breakpoint when an area out- 
side of this bounded area is written to, if 
and only if the code segment is within this 
range and the data value at this address is 
greater than a particular value and less 
than this value." You can make a macro 
just about any length you like, and it can 
call other macros (up to a nesting level of 
5) with parameter passing. 

The macro processing speed isn't as 
fast as I'd like. Ап intelligent breakpoint 
request runs at full speed on AT Probe, 
but once it reaches a breakpoint and starts 
executing in the CPU, processing slows 
down. When you know this, you will find 
vourself setting breakpoints a bit more 
sparsely. 

You can have a total of only four hard- 
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For just $599» the new 965 gives 
you ÁSCII, ANSI and IBM* PC com- 
patibility in one terminal. 

The new 965's versatility is 
unparalleled. It su 23 ter- 
minal emulations, tek then any 
other model in its class. You even 
get your choice of ASCII, ANSI or 
ІВМ Enhanced PC keyboard styles. 

There's a 14" flat display in 


green or page-white with crisp, clear 
characters in a high-resolution 10x16 
matrix. А 2-position keyboard with 
a true accounting keypad, 20 user- 


Ал Incredible Display Of Power And Versatility 


programmable editing keys, and 
128 programmable function keys. 

The 965 can display up to 49 
data lines, enough to show large 
spreadsheets or two normal display 
pages ol text at the same time. No 
other terminal this affordable can 
do that. 


The 965's state-of-the-art single 


board design uses a 16-bit CPU and 
sophisticated gate array to give you 
a high-performance, very reliable 
terminal with a full one-year end- 
user limited warranty. 


The 965. A whole new look 
in terminals from TeleVideo. Call us 
toll-free or write today for more 
information. 

TeleVideo Systems, Inc., 
1170 Morse Ave., Sunnyvale, СА 
94088-3568. 
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GETTING THE BUGS ОПТ 


Finding the Culprit 


ixing a bug, once found, usually 

takes only minutes; finding it, how- 
ever, can take minutes or weeks. A great 
number of software-only debuggers are 
available, all of which let you examine, 
step-by-step, each instruction the CPU 
executes, and compare the actual results 
with the results you expected. But, for a 
variety of reasons, hardware-assisted 
debuggers can make the process go 
much more quickly than software-only 
debuggers can. 

One of the most common software de- 
buggers is DEBUG, included with MS- 
DOS up to version 3.3. DEBUG is very 
useful for examining small assembly 
language programs or for resolving sim- 
ple problems. However, it’s woefully in- 
adequate for any but the most rudimen- 
tary debugging. To debug program code 
easily, you need to be able to examine it 
with a symbolic listing; for example, 
INC [TIMER_TICK] is inherently clearer 
than INC [ODCA]. The first conveys at 
least part of the meaning the original 
programmer intended. To debug easily, 
you need to see the source code, or at 
least the symbol map. Many symbolic 
debuggers contain options to enter these 
symbols as required. 

Other capabilities also affect the de- 
bugging process. When single-stepping 
through your code, for instance, a de- 
bugger needs to be able to set the “sin- 
gle-step" bit in the processor flag word. 
This bit generates an interrupt after each 
instruction, which the debugging pro- 
gram then processes, and it usually re- 
sults in a display of the next instruction 
to execute (or the previous one) and the 
current setting of each register. If this 
information is stored in a traceback 
buffer, then you can see how your code 
arrived at the current point of execution. 
The larger the traceback buffer, the 
more instructions you can see, and the 
easier debugging becomes. 

Determining when to examine that 
traceback buffer is more of an art than а 


ware breakpoints active at any given 
time. I found that this wasn't sufficient in 
many cases, especially when I was trying 
to trace carefully through the many dif- 
ferent cases on а C case/switch state- 
ment. I don't like having to outsmart lim- 
itations a debugger places on me. 


Fetch and Carry 
For the CPU to be as fast as possible, it 
automatically reads the next few instruc- 
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science; being able to set breakpoints to 
stop execution of the current program 
and enter debug mode makes the process 
easier. The number of breakpoints a 
particular debugger allows is an impor- 
tant consideration, since the number and 
different types of breakpoints you use let 
you execute more of your code and less 
single-step tracing. The ability to issue 
breakpoints when your program reads or 
writes to a particular area of memory, 
when a register equals a certain value or 
range of values, or when your program 
accesses a particular I/O port is an im- 
portant aid to debugging. 

However, if the problem you're trying 
to find stems from the interaction of var- 
ious hardware components over which 
you have no control (such as a timer tick 
occurring every 1/18 second or a con- 
flict of serial-port interrupts), then even 
the niceties of Microsoft's Code View (а 
full-screen symbolic debugger) may not 
suffice. It's not that software debuggers 
don’t have the ability—most do; it's 
simply that tracing or single-stepping 
through your code can be terribly slow, 
because the CPU is executing perhaps 
hundreds of debugger instructions each 
lime it executes one of your program's 
instructions. Trying to use the same 
CPU chip to process all these “intelli- 
gent" breakpoints, to manage а trace- 
back buffer, and to protect your code 
and the debugger code from each other 
is a difficult, if not impossible, task. 

Finally, sometimes the software de- 
bugger itself has an adverse effect on 
what you're debugging (since the posi- 
tion of your program in memory may de- 
pend on where the debugger is placed). 
Debugging may even be impossible, 
since the errant pointer causing your 
problem may actually modify a portion 
of the memory space occupied by the de- 
bugger—thus causing the debugger to 
crash mysteriously. In these situations, 
hardware-assisted debuggers like the 
ones reviewed here are your only choice. 


tions into a small on-board buffer while it 
executes its current instruction. In most 
programs, after a given instruction has 
run, the instruction most likely to run 
next is the one that follows it; since that 
instruction is already in the prefetch 
queue, little access time is needed except 
to read or write the operands. 

Since prefetch is used only for instruc- 
tion execution, it might be useful to set a 
breakpoint on prefetch into any area of 


memory that should never be executed 
but can be read or written to, such as your 
data-segment area or your low-memory 
interrupt table. 

AT Probe's traceback buffer is 2K bus 
cycles, or events, in length. Atron calls 
this a dequeued buffer. You won't see in- 
structions that have been fetched but not 
executed unless you specifically ask to 
see them. This is an important consider- 
ation when looking at the traccback 
buffer; it can be confusing to see instruc- 
tions that were never executed. 

А few features of note are AT Probe's 
ability to debug using Microsoft C's local 
stack referencing, its complete 80287 
support, an on-line editor and notepad (in 
AT Source Probe), the ability to follow a 
nested calling convention backward on 
the stack, and the ability to re-enter data 
items by data type instead of hexadeci- 
mally, byte by byte. 

One caveat, however, regarding AT 
Probe: One of the manual's appendixes 
contains a note about executing break- 
points while in a non-reentrant BIOS call, 
such as the keyboard- or monitor-service 
routines. Atron says that since AT Probe 
uses these routines, you could crash the 
system if you breakpoint within them. 


Writing a Wrong 

[used AT Probe to find a write access by 
a TSR outside of its data and code space. 
First, I defined a write-to-memory break- 
point for each of two memory-address 
ranges: one before the initial TSR code 
segment, and one after the last TSR seg- 
ment. Both DOS and foreground pro- 
grams, such as COMMAND.COM, normally 
access these areas of memory. Therefore, 
the debugger had to filter out all such 
valid write accesses. 

Using a macro to set the breakpoints, I 
checked the code segment after each 
breakpoint to see if it fell within the TSR 
range. If it didn't, I resumed program 
execution; if it did, I knew I had found the 
culprit and could use the real-time trace- 
back buffer to determine how ! had gotten 
to the instruction causing the problem. 
Again, the macro didn't execute as fast as 
Га like, but with some fine-tuning of its 
logic, I managed to speed it up. 


Periscope III 
Periscope Ш 3.1 is a full-length hard- 
ware-assisied debugging card with 64K 
bytes of write-protected RAM, an 8K- 
bus-event real-time traceback buffer, 32 
hardware breakpoints, and a remote 
breakout switch. It requires an IBM PC 
XT, AT, or compatible with 64K bytes of 
available RAM. (Since the board is not a 
full-height card, it runs in the XT as well 
as the AT.) Periscope III comes in two 
continued 
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“Тһе Data Exchange System, 
Model 24, allows high speed 
exchange of data between 
computers, printers and other 
peripherals. 


* Powerful 16-bit CPU plus 
multiple high performance I/O 
processors allow super high 
speed transfer of data 
demanded by new faster 
computers and software. 


* Optimum flexibility: Select 
the right combination of serial 
and parallel ports, and set amy 
of these ports as a peripheral 
port or as a computer port. 


* Basic unit expandable to 24 
ports by 4-port modules offered 
іп serial/ parallel combinations. 


“ Standard 512KB buffer 
expandable to 4% megabytes, 
to handle big print/plot jobs 
and many small ones. 


* Buffer memory dynamically 
allocated to maximize buffer 
utilization. 


- Simultaneous data input and 
output on ай ports, so no 
devices are kept waiting. 


“ Computer-to-computer 
communication concurrent 
with al! other operations. 


* Full duplex communication 
allows file transfer capability 
with many communications 
software packages. 


” Compatible with virtually all 
computers, printers, plotters, 
modems and other peripherals. 


* Pop-up RAM resident PC 
support software allows 
peripheral selection via hot key. 


* Super fast throughput allows 
data to pass through with no 
apparent processing delays. 

* Many user-definable 
parameters including separate 
baud rates, Пом control and 
parity for each port. 


* [nternal serial-to-parallel and 
paraliel-to-serial conversion. 


* Cascading capability to 
increase available number 
of ports. 

* Unlimited hotline tech 
support. 


* Designed and manufactured 
in the U.S.A. 
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GETTING THE BUGS OUT 


models: an 8-MHz version ($995) and a 
10-MHz version ($1095). It requires 
DOS 2.0 or higher, but DOS 3.0 or high- 
er is recommended because DOS 2.0 and 
2.] contain some bugs involving improp- 
er changes to the stack; The Periscope 
Company warns that if your breakpoint 
happens to occur at just the right—or 
wrong—moment, you may have trouble. 
Note that this is true for AT Probe, too. 

Like AT Probe, Periscope III has a 
cable that plugs into the 80287 socket on 
the motherboard, and an existing 80287 
plugs into the cable's piggyback socket. 
A plug socket at the end of the card at- 
taches to a breakout button that immedi- 
ately enables the debugger. 

Once you install the hardware (which 
takes about 5 minutes), you must install 
the software—also a rapid and straight- 
forward process. You can run the soft- 
ware portion of the debugger without the 
hardware. After you install the software, 
you're ready to run a TSR called PS.COM, 
which takes command-line or indirect 
file switches. One switch lets you specify 
which area of memory the board is to use. 
Other switches let you specify the size of 
the symbol table, various window sizes, 
and other setup parameters. 

No software extensions are available at 
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this time, including those that allow for 
protected-mode operation; thus, most of 
the symbol table is visible in system 
memory. Although the debugger pro- 
gram itself is write-protected and is there- 
fore safe from typical programming mis- 
takes, the symbol table and other 
important tables are not protected. And 
since these tables are stored in system 
memory, you may not have enough mem- 
ory to debug a large program with a large 
symbol table. This was not a problem in 
my testing, however. 


Up Регізсоре 

Once you load PS.COM, it sits quietly in 
the background until you сай it. You can 
access it in either of two ways: through 
the breakout switch, or through RUN.COM, 
which automatically loads your program 
and its symbol table. Once your program 
is loaded, you are in the debugger, ready 
to debug your code. 

Part of Periscope ІШ” power is, sur- 
prisingly enough, in its user interface. 
You can choose from a variety of screen 
windows. [ found that having two data 
windows, one stack window, а register 
window, and a disassembly window usu- 
ally sufficed for my needs. Changing 
window sizes is an easy operation; for ex- 


ample, if you want two data windows 
with lengths of 4 lines and 6 lines, respec- 
tively, you enter /W D:4 D:6. 

There is a not-so-subtle difference be- 
tween Periscope ІП and AT Probe: АТ 
Probe feels as if it were designed for pro- 
grammers, while Periscope III feels as if 
it were designed by programmers. This 
shows through not just in the display of 
the various windows, but also in the com- 
mand set and options, designed for pro- 
grammers who want ultimate control over 
their debugging environment. For exam- 
ple, to issue a breakpoint when the byte, 
COUNT, equals 08, you would enter BB 
COUNT EQ 08. For AT Probe, the com- 
mand would be BP 1=.COUNT W DATA O8. 

Periscope ІП provides breakpoints on 
byte, code, interrupt, line, memory, 
port, register, user test, word, and exit. 
AT Probe has many of these abilities, but 
ils interface uses a less intuitive format. 

Тһе myriad breakpoints that Periscope 
ШІ allows also reflect this philosophy: 
You can set up to 16 hardware break- 
points, allowing read, write, execute, and 
fetch breaks, and including breakpoints 
abovc thc first megabyte of memory for 
AT-class machines. You can also set 
breakpoints when the data on the bus 
meets a particular value, or when input or 
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output to а port occurs (you can specify 
up to 16 different ports). These break- 
points can be set directly on Periscope 
III's board. Finally, you can set a pass 
count, which breaks out only after the 
breakpoint has been executed а certain 
number of times; for example, "break on 
the fifth write to this screen location.” 

You can also set software breakpoints. 
Aside from those breakpoints that are put 
in Periscope III hardware for speed, you 
can set additional interrupts when a par- 
ticular byte, word, or register meets cer- 
tain tests (less than, equal to, or greater 
than a specified value), as well as when a 
particular interrupt executes, when a par- 
ticular line of source code runs, when re- 
turning from the currently executing rou- 
tine, or when a user-supplied (and 
previously loaded) assembly language 
routine returns a certain value. 

With Periscope IM's “ро using moni- 
tor" mode (GM command), some of these 
software breakpoints can work in combi- 
папоп with the hardware breakpoints. 
Thus, the program can run at full speed 
until it reaches a breakpoint on the board. 
Control then transfers to the board to de- 
termine if the specific condition exists, 
such as "break on register value" (BR 


breakpoint). If not, the code resumes exe- 
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cution immediately. If the conditions are 
met, the breakpoint executes, and you 
can start debugging. 

One real disappointment is that “break 
on register value" allows only one break- 
point test for each register. Thus, testing 
for a write access to a range of memory 
with a double range check on the CS reg- 
ister isn't as easy to accomplish on Peri- 
scope III as on AT Probe. (AT Probe's 
macro capability can handle this.) 

Periscope III lacks macro capability, 
but, with its USEREXIT capability, you 
can make tests as arbitrarily complex as 
you wish. A USEREXIT is user-written as- 
sembly language code (USEREXIT.ASM) 
with which Periscope III can interface. It 
is loaded as a memory-resident program, 
called USEREXIT.COM, that uses an avail- 
able interrupt. Of course, you'll] have to 
debug the assembly language routines 
that make up the USEREXIT routine itself. 

Like AT Probe, Periscope III has 
traceback-buffer capabilities. However, 
Periscope III's traceback buffer is 8K bus 
events long (a bus-event record is 48 bits 
wide), so it can hold substantially more 
information than AT Probe's 2K-bus- 
cycle buffer. You can set up the buffer to 
capture 8K events before the breakpoint, 
4K events before and 4K events after the 
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breakpoint, or 8K events after the break- 
point. However, much of Periscope III's 
traceback information consists of pre- 
fetch instructions. Ás such, except for the 
obvious ones, like jmp, call, ret, and 
int, the trace buffer contains instruc- 
tions that may not have been executed but 
were only in the prefetch buffer. This 
makes debugging more difficult. 
Periscope III comes with a number of 
auxiliary programs, including one to let 
you use the map-file output from Plink86 
Plus, and another to run through assem- 
bly language source code and make each 
symbol public. Since the more symbols 
you have, the easier the debugging be- 
comes, the PUBLIC program should be a 
welcome addition to any library. 


Driving Devices Crazy 

Debugging a device driver can be diffi- 
cult, especially since the device driver is 
loaded before you can load your debug- 
ger. Periscope III's distribution disk con- 
tains a program, SYSLOAD, that lets you 
load the important parts of Periscope III 
as device drivers so you can debug the de- 
vice-driver initialization routine. When I 
combined this with Periscope [II's ability 
to perform a "short boot" (which usually 
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leaves the interrupt vectors loaded), de- 
bugging a device driver became as easy as 
debugging any other program. 

The problem I had was that the serial- 
communications device driver was crash- 
ing the system somewhere in the initial- 
ization routine—sometimes. А1 other 
times, and at high data transfer rates, 
characters were being dropped. The 
worst kind of bug is the kind that isn't al- 
ways repeatable. 

By setting breakpoints on input or out- 
put instructions to ranges of ports, 1 
found that the device-driver initialization 
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routine was turning interrupts on too 
soon. By using Periscope III's user-exit 
capability, I found that the time used to 
return after a polling loop and before gen- 
erating the End-of-Interrupt instruction 
was sufficient for a character to arrive 
when receiving at 1 15K bytes per second. 
Without a hardware-assisted debugging 
board, either condition would have been 
difficult, if not impossible, to discover. 


The Competitive Edge 
Determining which debugger is better is a 
difficult task. There is no clear and sim- 
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ple benchmark that you can base a judg- 
ment on. Once you find a bug with one 
debugger, it's gone, and it's impossible 
to replicate the problem. (But, sadiy, an- 
other bug always lurks around the corner; 
there's never a shortage of them.) 

If you're developing Microsoft Win- 
dows programs; if you're using the over- 
lay capability of Plink86 Plus substan- 
tially; if your code is very large (greater 
than 400K bytes); if you have a huge 
number of symbols; or if you're writing a 
protected-mode application (and with 
OS/2 on the horizon, protected-mode op- 
erations are going to become increasingly 
important), then you need the support of- 
fered as options for AT Probe 2.0. 

However, the interface on Periscope 
Ш is easier to work with than AT Probe 
2.0's; the capabilities, such as the num- 
ber and type of breakpoints, are substan- 
tially better; and the command summary 
Is, to my way of thinking, closer to the de- 
bugging needs of a programmer. And if 
you're a smal! developer with limited 
funds, Periscope IM's lower price be- 
comes paramount. 

But all this is changing. New releases 
on both products are forthcoming. The 
features in the new releases clearly 
indicate how acutely each company is 
aware of the competitive edge the other 
has to offer. 

The Periscope Company says that Peri- 
scope [II 4.0 (due out this month) will 
support Microsoft Windows, Plink86 
Plus's overlays, and Microsoft C's local 
symbols. Periscope IV, due out this 
spring, is planned to support the 80386 as 
well as the 80286. Atron says that the next 
release of AT Probe, also due out this 
month, will contain a user interface simi- 
lar to that of Microsoft CodeView. 
Atron’s 386 Probe for 80386 systems has 
recently been released. It's an interesting 
race to watch. 

Both AT Probe and Periscope Ш serve 
admirably as debuggers. Each does quite 
a bit more than its advertising represents, 
and each also has major enhancements in 
the works. But does AT Probe make up 
the $1500 difference in price (almost 
$2000 if you include AT Source Probe) 
with added programmer productivity? 

The answer isn't as clear-cut as I'd 
wish. If you don't need the special capa- 
bilities AT Probe has that Periscope III 
doesn't have, then, no, AT Probe isn't 
worth the difference in price. If, how- 
ever, you do need them, and you need 
them badly, then the price doesn't matter 
as much. Ш 


Ross M. Greenberg, owner and chief ex- 
ecutive afficer of Software Concepts De- 
sign in New York, is a computer consul- 
tant and software designer. 


TARGA" 16 Videographics. 
x 


2 


Now less gets you more. 


The NEW When we set out о redesign the 
industry-standard for high color reso- 
TARGA 16 is lution videographics, we wanted to 
incorporate the latest technological 


$1995! advances. The result is a TARGA 16 
| ә with improved video quality, built-in 
overscan, simultaneous RGB and com- 
Its 100% redesigned, 100% compati- ^ posite video output, and more. So con- 
ble, 100% reliable, but costs 3396 tact your nearest Authorized Truevision 
less than the original TARGA 16. Oh, Reseller, or call B00/858-TRUE and 
and it's 100% TRUEVISION, of course. see how less can become more. 


| TRUEVISION: 
| ON 
7351 Shadeland Station, Suite 100 Indianapolis, IN 46256 800/858-TRUE 


| INTERNATIONAL: Canada 416/479-1102 France 33-13-952-6253 Italy 39-2-301-0051 
| Switzerland 41-1-825-0949 U.K. 44-1-991-0121 West Germany 49-89-612-0010 Other 617/229-6900 
Prices quoied are US Domestic suggested retail prices. 


RECENT PRICE REDUCTION ON OUR SYSTEM 300 
Since the printing of the latest catalog, the price of our 386-based 

MS’ 08.2 compatible system has been reduced substantially. Call toll-free 

800-426-5150 forthe new list price. 


11129 М DUIS amd МУ are registered trademarks of Microsol! Corporation. C 1987 DELL COMPUTER CORPORATION 
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We've been Dell Computer Corporation since 
day one. The systems we make have always 
gone by the name PC's Limited. 
And that's how things 
are going to stay for 
WE'RE M AKING some time to come. 

А N AME | Because, in just 

| three years, we've 

become one of the 
seven largest personal 
THE NEW ліеѕ in the US. 
to keep on designing, devel- 
g fast, high performance 
ere in Austin, Texas. And 
ng them directly to users 
the only good way to keep 
cut out the middleman. No 
neans no dealer mark up. 
d be simpler than picking 
cing an order and having 
05% and М5%05/2 per- 
lelivered right to you? 
ill for our free catalog. 
hat our low, systems prices 
AUSTIN: TEXAS g other manufacturers 
year, on-site service con- 
vell Bull, along with access 
ipport people over toll 


DELL COMPUTER CORPORATION 


"100 that everything we 

door with something you'll 
| be able to count on for a long time to come. 
Our good name. 


Limited Perina Come 


800-426-5150 
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mere called our 
386 system the fastest desktop 


computer they have ever tested. 
Based on 80386 technology that 
utilizes 0 wait state Static RAM, 
the System 300 is highly effective in 
research and development appli- 
cations, CAD/CAM, database man- 
agement and deshtop publishing. 
In addition, it is an ideal entry 
level, low cost alternative to a 


minicomputer in multi-user environ- 


ments using 386 UNIX*/XENIX® 
operating systems. The PC's 
Limited System 300 is М5-005% 
and М5% 05/2 compatible. 


SYSTEM 300 
Hard Disk Drives 
40 MB-28 ms 
10 MB-28 ms 
150 МВ-18 тѕ — ESDI 
“August 3,1987 Built in the U.S.A. 


PC's LIMITED 
SYSTEM 300 


STANDARD FEATURES 
Intel 80386 running at 16 MHz. 
1 MB of 0 wait state Static RAM, 
expandable to 6 MB Static RAM, 
lus 10 MB Dynamic RAM. 
1.2 MB 5.25” or 1.44 MB 3.5" 
diskette drive. 
Dual diskette and hard disk drive 
controller. 
Enhanced 10]-Кеу К 
ета and 2 se Та 
watt power sup 
Real-time clock. 
B expansion slots 
(132-bit, 5 16-bit, 2 8-bit). 
12 month, on-site Honeywell Bull 
service contract. (Available for 
complete systems.) 


VGA 


Color Plus 
$4,999 
$5,399 
$6,699 


В > м 


ME i 


RECENT PRICE REDUCTION ON OUR SYSTEM 300 
Since the printing of the latest catalog, the price of our 386-based 
MS’ 08.2 compatible system has been reduced substantially. Call toll-free 
800-426-5150 for the new list price. 
1957 DELL COMPUTER CORPORATION 


ІІІ М5 DIIS aed М5 аге registered tradesnarks of Microsoft Corporation 
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We've been Dell Computer Corporation since 
day one. The systems we make have always 
gone by the name PC's Limited. 


And that's how things 
are going to stay for 
WERE MAKING some time to come. 
А N AME | Because, in just 
| three years, we've 
become one of the 
| seven largest personal 
T = Е с FEA anies in the US. 
he new PC'S Limited System 200 n TM TANDARD FEATURES m t 
isone of the reus чал | Intel 80286 running at 12.5 MHz, [орон re 
rca e өы үсті = G40 KB of RAM expendable to ылы ал ERES 
Тағы „блр | | here in Austin, Texas. And 
MHz operation is ideal for business =— 16 MB. қ " | | 
applications, as well as software | M eM t МВ35 ling them directly to users 
development, local area networks, | ре W | Dual diskette and hard disk drive e the only good way to keep 
2 Y 200 is ME DOS and | WEN | Enhanced Нук йл | № ж, à 
compatible. РС’ [, parallel and 2 serial ports. means no dealer mark up. 
5 ІМ ITED 20 vat pover suh ild be simpler than picking 


6 expansion slots (4 16-bit, 2 8-bit). d havi 

SYSTEM 200 12 month, on-site Honeywell Bull eng M oer qned 
service contract. (Available for DOS? and М5®05/2 per- 
complete systems.) delivered right to you? 


all for our free catalog. 
SYSTEM 200 With monitor/ adaptor VGÀ that our low, systems prices 


Hard Disk Drives | Monochrome | БА | — VGAMono |  ColorPlus ng other manufacturers 
20 MB 179 р 298 $2,099 52, ) le year, on-site service con- 
"IC qe : : v well Bull, along with access 
70 MB-28 ms 3 support people over toll 
150 MB-18 ms — ESDI T 
Built in the U.S.A. er too that everything we 
> door with something you'll 


| be able to count on for a long time to come. 
Our good name. 


Limited Pero] Гёте 


DELL 


COMPUTER 


800-426-5150 
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HERE ARE OUR NEW PRICES AND 
SYSTEM CONFIGURATIONS. 


Whether you're interested 
in buying one or a hundred 
systems, all you do is pick 
up the phone and dial 
800-426-5150. Talk over 
your needs with one of our 
sales representatives. They |l 
help you select the right 
system. 

Апа, every PC's Limited 
computer can be custom 
built to your exact 
specification. 


Give us your corporate 
purchase order number or 
major credit card number 
and your system will be 
delivered to you. 

Direct from our manufac- 
turing facility here in 
Austin.Without any middle- 
men getting involved. And 
remember, no dealers 
means no dealer markup. 
We know of no manufac- 
turer offering such top 


quality compatible hard- 
ware, complete with on-site 
service and toll-free techni- 
cal support, at such low, 
direct prices. 

If you're in the market 
for an exceptional personal 
computer call us today at 
800-426-5150. 

PC's Limited products are 
now available on GSÀ con- 
tract *GSOOK87AGS6127. 
Call us for GSA pricing. 


RECENT PRICE REDUCTION ON OUR SYSTEM 300 
Since the printing of the latest catalog, the price of our 386-based 

MS’ 08/2 compatible system has been reduced substantially. Call toll-free 

800-426-5150 for the new list price. 


ІНІ МУ DS amd М5 are registered trademarks of Microsoft Corporation. ©1997 DELL COMPUTER CORPORATION 
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We've been Dell Computer Corporation since 

day one. The systems we make have always 
gone by the name PC's Limited. 

| | And that's how things 


are going to stay for 
WE'RE M AKING | Some time to соте. 
À N AME Because, in just 
three years, we've 
become one of the 
В Seven largest personal 
0 | ree nies in the US. 
ur Turbo PC is an extremely | STANDARD FEATURES to keep on designing. devel- 
affordable, entry-level system for " | Intel 8088-2 running at 8 or о 
business and home use. Word E euis i ig fast, high performance 
processing, spreadsheets and | i 260 KB diskette drive. here in Austin, Texas. Апа 
accounting are only a few of the q—— бше а зернн 108 ing them directly to users 
applications the Turbo PC can run | 84-key keyboard. 
quickly and efficiently. It also сап gem мис 130 watt power supply. ‘the only good way to keep 
be easily connected into local area | WI == z- — ———572 22. V | $ expansion slots. aut out irinin. No 
networks and can be configured ms 12 month, on-site Honeywell Bull | 
to your exact specifications. service contract. (Available for means no dealer mark up. 
IMIT ED complete systems.) ld be simpler than picking 
icing an order and having 
5% and М5%05/2 per- 
delivered right to you? 
all for our free catalog. 
that our low, systems prices 
TURBO PC With monitor/ adaptor g other manufacturers 
EGA color system e year, on-site service con- 
1360 KB diskette $799 NA well Bull, along with access 
90 MB hard disk upport people over toll 
40 MB hard disk r too that everything we 
door with something you'll 


be able to count on for a long time to come. 
Our good name. 


Limited Perencal Computer 


E T i 
г. - olm % 


LEE ee ас снн 


DELL 


о 


COMPUTER 


P00-426-515 0! 
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NEW PC'S LIMITED PRINTER SYSTEMS 


Dell Computer Corporation now offers a full line of PC-compatible dot matrix and laser printers. 
Our dot matrix printer systems range from very low cost, near-letter-quality to the highest resolution dot 
matri printers available, Our line of laser printer systems includes some of the quickest, most reliable printers 
ever built. All our printers come to you at very competitive prices, and we offer a 30-day money back 


DOT MATRIX PRINTERS 
Printer System 300 

9-wire serial impact dot matrix 
Draft quality at 144 CPS 
Near letter quality at 36 CPS 
а үчле fonts 

r Parking 
4 КВ buffer 


Standard аты 
$219.95 


Printer System 600 
9-wire serial impact dot matrix 
Draft quality at 240 CPS 
Near letter quality at 60 CPS 
Standard parallel interface 
Expandable buffer (up to 28.6 KB) 


Wide carriage 
$599.95 


RECENT PRICE REDUCTION ON OUR SYSTEM 300 
Since the printing of the latest catalog, the price of our 386-based 

М8 0S. 2 compatible system has been reduced substantially. Call toll-free 

800-426-5150 forthe new list price. 


ІНЕ М5-ІНІЗ asd Ыз arr reguiered trademarks of Microcell Lorparackon, i 
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guarantee and a one year warranty. 


Printer System 800 
Highest resolution text and graphics 
from a dot matrix (24-wire serial 


impact) 
Draft quality at 200 CPS 
Correspondence by at 132 CPS 
Letter quality at 66 CPS 
Standard RS-232 serial and parallel 
$, tte 

ide carri 

"9 $799.95 


LASER PRINTERS 
Laser System 60 
** dots-per-inch ipee е 
es per minute, text and graphics 
3.000 page monthly duty cycle 
1.5 MB standard memory, expandable 
to 2.0 MB 
RS-232 serial, parallel, and RS-422 
interfaces 
$2,195 


1997 DELL COMPUTER CORPORATION = = 


Laser System 80 

L^ dots-per-inch m ' 

es per minute text and graphics 
10,000 page monthly duty cycle 
1.5 MB standard memory, expandable 

to 2.0 MB 
RS-232 serial and parallel interfaces 
$3,195 


Laser System 150 
300 dots-per-inch resolution 
15 pages per minute, text and 
raphics 
20,000 page monthly duty cycle 
1.5 MB standard memory, expandable 
to 2.0 MB 
RS-232 serial and parallel interfaces 
Dual 250-sheet input trays 
$5,995 


We've been Dell Computer Corporation since 
day one. The systems we make have always 
gone by the name PC's Limited. 


And that's how things 
are going to stay for 
WE'RE M AKING some time to come. 
А N AME Because, in just 
! BE three years, we've 
AX become one of the 
= ШЕ seven largest personal 
GET THE TOTAL SYSTEM SOLUTION FROM DELL т=з 
System enhancement products are a key component to providing a total solution. to keep on designing, devel- 
And, due to our unique manufacturing capabilities, we can build a system to your exact specifications, ig fast, high performance 
integrating enhancement products from a wide selection of peripherals. inthe а And 
ere in Austin, Texas. 
к ЛИТО с QI o ЗҮ уй ing them directly to users 
Paper white phosphor 40 MB 2 ms hard disk drive MEMORY OPTIONS : the only good way to keep 
"GA Color Plus 10 MB-28 ms harddisk drive pra ed ibi mié cut out the middleman. No 
means no dealer mark up. 
GRAPHICS BOARD SOME ms ESDI ad disk drie | MB High speed Static RAM ee 
VGA Graphics Adaptor Dis D (Юг System 3 300) ld be simpler than picking 
“pease 35" Diskette drive— 1.44 MB 512 MB RAM upgrade kit cing an order and having 
( for System 200 ) a à 
1200 Baud internal 5 25" Dt die — 2MB vy 305 and М$®0$/2 per 
2400 Bud n a T Date di — sens MATH CO-PROCESSORS delivered right to you? 

Intel 8087-2 all for our free catalog. 
wwe DRE SERIAL MOUSE Intel 80287-5 that our low, systems prices 
à NB upe drin SOFTWARE Intel 00878 ig other manufacturers 

Microsoft® ‘Word 4. 0 e year, on-site service con- 
OPERATING SYST EM SOFTWARE i i 
HARD Disk DRIVES Microsot Excel MS-DOS* 3.3 with disk cache well Bull, along with access 
Ls 9 XE - ae Y xb and other vr utilities upport people over toll 
$399.95 MS*-0S/2 (Available in March ) 
— r too that everything we 
door with something you'll 


be able to count on for a long time to come. 
Our good name. 


| 


Limited Personal Comani 


DELL 


COMPUTER 


800-426 - 5150 
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DELL SETS THE STANDARD 
IN SERVICE AND SUPPORT. 


Dell has developed the most 
innovative and comprehensive 
service and support programs in 
the industry. We have toll free 
technical support lines, at 
800-624-9896 that allow you 
unlimited access to our highly 
trained technicians. When prob- 
lems do occur, generally 9 out 
of 10 of them are solved over 
the phone. 

If a repair is necessary, a 
Honeywell Bull customer service 
engineer will be dispatched to 
your place of business (usually 
by the next business day ). Your 
optional Honeywell Bull service 
contract provides you with one 
year on-site service for parts and 


labor if your system (CPU, monitor, 
keyboard and disk drive) is 
located within 100 miles of 
Honeywell Bull's 198 service 
locations throughout the country. 

We are so confident in our 
quality products that we provide a 
Total Satisfaction Guarantee, which 
says that any system bought from 
us may be returned within 30 days 
from the date it was shipped for 
a full refund of your purchase price. 
Returned items should be shipped 
back to us in the same condition 
in which they were sent. 

We also offer a One Year 
Limited Warranty, which warrants 
each system we manufacture to 
be free of defects in materials and 


workmanship for one full year. 
During the one year period we will 
repair or replace, at our option 
and at no additional cost, any 
defective products properly 
returned to our factory. 

Call or write for the complete 
terms of our Total Satisfaction 
Guarantee, our One-Year Warranty 
and the Honeywell Bull Service 
Contract. Dell Computer 
Corporation, 9505 Arboretum 
Blvd., Austin, Texas 78759-7299. 
800-426-5150. 

Trademarks/ owner: XENIX, MS-DOS. MS and 


j Microsof ion: UNIX, ATAT: 
dBase 111 Plus / Ashton-Tate Corporation: 
Ventura deed Software Inc 

prices and specifications are subject 
toc without notice. Please inquire for 
current details. Dell cannot be ible for 
errors in typography or photogra 


DELL COMPUTER CORPORATION 


RECENT PRICE REDUCTION ON OUR SYSTEM 300 
Since the printing of the latest catalog, the price of our 386-based 


MS’ 08.2 compatible system has been reduced substantially. Call toll-free 


800-426-5150 for the new list price. 
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| We've been Dell Computer Corporation since 


T | day one. The systems we make have always 
- gone by the name PC's Limited. 
i | And that's how things 
| v are going to stay for 
E WE'RE M AKING some time to come. 


A NAME 
FOR OURSELVES. 


Because, in just 
| three years, we've 
become one of the 
seven largest personal 
computer companies in the US. 
So we're going to keep on designing, devel- 


| oping and building fast, high performance 


computers right here in Austin, Texas. Апа 
well keep on selling them directly to users 
like you. Because the only good way to keep 
prices down is to cut out the middleman. No 
computer dealer means no dealer mark up. 

And what could be simpler than picking 
up the phone, placing an order and having 
PC's Limited MS-DOS® and MS*0$/2 per- 
sonal computers delivered right to you? 

You can also call for our free catalog. 

Keep in mind that our low, systems prices 


| include something other manufacturers 


Е - 485517 X 


can't match. A one year, on-site service con- 
tract from Honeywell Bull, along with access 
to our technical support people over toll 


| free phone lines. 


And remember too that everything we 
make goes out the door with something you'll 
be able to count on for a long time to come. 
Our good name. 
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We realize if youre looking for a fast, letter- 
шен punte theres a few out there to choose 

m. We should know, we've developed some of 
the very best. 

But if youre looking for a printer that's not only 
fast, but can easily devour any job you throw at it, 
youd best look at the new Toshiba P351SX 24-pin 
dot matrix printer. 

Take envelopes, for example. The P351SX 
comes with an optional automatic envelope feeder. 
That way your envelope is printed with the same 
speed and ease as your document. 

We even replaced the hassle of dip switches 
with our new front panel. So you can make all your 

ы choices at the touch of a button. 
a But we wanted to make your print- 


= ing jobs even easier still, so 


ES ^ we added а few more conven- 
' ient features. p 
бұ — Like the unique ability 
z— aa {0 print six-part forms 
| = with each part as legible 


as the first. Plus a built-in 


aV —— Á— - 


tractor and tear bar. А fanfold bypass. Ап autoload 
lever. А multistrike film ribbon. IBM Proprinter 
and Graphics Printer; Qume Sprint 11? Toshiba 
and other popular printer emulations. Апа 

a 64K buffer. 


But rest assured, none of these features were 
added at the expense of speed. Because the 
P351SX zips merrily along at an amazing 360 cps 
for draft and 120 cps for letter quality. 

All of which means the P351SX printer will 
quickly polish off any printing job. From letters and 
envelopes to graphics and full-sized spreadsheets. 

And that's an appetizing thought for any 
busy office. 

or the name of your nearest Toshiba printer and 
computer dealer, call 1-800-457-7777. 


ИВМ and Proprinter are registered trademarks of International Business 
Machines Corporation. "Qume Sprint 11 is a registered trademark of Qume Corp. 


In Touch with Tomorrow 


TOSHIBA 


Toshiba America, Inc., Information Systems Division 
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SOFTWARE REVIEWS 


Two Fast C Compilers for PCs 


First, Microsoft improved its C 
compiler, MS-C version 5.0, 
by adding powerful optimizing 
capabilities and support for the 
ANSI C standard. Then, it 
threw in an integrated package 
for C language development 
called QuickC. In a nutshell, QuickC is 
to traditional C compilers what Borland's 
Turbo Pascal is to Pascal implementa- 
tions: a convenient, integrated environ- 
ment for rapid software development. 
Now C programmers can buy one pack- 
age that provides a friendly environment 
for front-end prototyping and profession- 
al workhorse language tools. 

Microsoft sells the MS-C compiler 
bundled with QuickC 1.0 for $450. It 
also sells QuickC separately for $99. 
Both compilers run on an IBM PC or 
compatible with 448K bytes of RAM. 
QuickC requires a system with two flop- 
py disk drives or a 5'Á-inch floppy disk 
drive and a hard disk drive. MS-C 5.0 re- 
quires a hard disk drive. 

You install both MS-C and QuickC 
using the SETUP , EXE utility. It automates 
the installation process and lets you cus- 
tomize the configuration of both com- 
pilers. It does this by prompting you to 
insert various disks from the package into 
drive À and copying only the files re- 
quired for your particular installation. 
Moreover, SETUP. EXE uses the librarian 
utility, LIB.EXE, to combine one or more 
of these files into libraries built to fit the 
various configurations you request. This 
operation reduces the amount of disk 
space required and speeds the linking 
process. 

The configuration options include the 
destination drive, the names of the 
QuickC subdirectory and auxiliary sub- 
directories, the memory model, the type 
of floating-point math support, and the 
graphics library support. 


QuickC 1.0 

QuickC parallels the QuickBASIC envi- 
ronment and includes an editor, filing 
system, compiler, linker, and debugger. 


Namir Clement Shammas 


Microsoft introduces an improved 
version of its C compiler and QuickC, 
a front-end development tool 


You can invoke the QuickC environment 
by typing qc, and you can specify options 
related to the type of video card (e.g., 
CGA, EGA, and MA) in the system and 
the presence of в color monitor. The en- 
vironment displays the main pull-down 
menu bar, the editor window, the error 
window, and the program-status line. 
Vertical and horizontal scroll bars are 
visible at the right and bottom edges of 
the editor window. QuickC lets you enter 
commands by pressing keys or by using 
an optional mouse. 

You invoke the pull-down menus in the 
main menu bars by using the Alt key with 
other key combinations or by clicking on 
а choice with a mouse. You can select 
items in a pull-down menu in several 
ways. First, you can use the cursor-con- 
trol keys to highlight a choice and then 
press Return. Second, you can press the 
key that corresponds to highlighted char- 
acters in the menu. Finally, you can point 
to and click on an item with the mouse. 
These various selection methods allow 
you to pick the style you're most comfort- 
abie with. 

QuickC has two types of on-line help, 
and both are available by pressing the F1 
key. The first is a series of eight help 
screens that present information on edit- 
ing commands, characters in a regular 
(string-based) expression pattern search, 
C operator precedence, standard ASCII 
table, extended ASCII table, escape se- 
quences, printf formatting, and C data 
types (with value ranges). 

The second type of help documents the 
C keywords and various library func- 
tions. In this case, a window displays the 
different topics, and you make a selection 
by using the cursor-control keys or by 
typing the first letter in an option and then 
pressing Return. Once you've made a se- 


lection, the Topics window dis- 
plays the names of the functions 
in the chosen category. You 
select functions in this window 
the same way you select topics. 
QuickC redisplays the editor 
window, with a brief descrip- 
tion of the chosen function above it. 

The QuickC editor is similar to Word- 
Star in nondocument mode, except in 
how you select and manipulate a block of 
text. Тһе commands are easy to learn and 
lend themselves more naturally to the use 
of a mouse. The editor uses a clipboard to 
save deleted text that you can paste back 
into the source code. The editor also has 
an interesting feature that lets you put it in 
read-only mode, p ing source code 
files from accidental changes during 
browsing. 

While the QuickC editor supports the 
Find and Replace features present in any 
text editor, it also supports a Regular Ex- 
pression option. This enables you to seek 
more complex and flexible text patterns. 
The Regular Expression feature is a sub- 
set of the Unix grep (global regular ex- 
pression processing). 

The QuickC editor does not handle 
multiple files. Professional programmers 
will still use their sophisticated multifile 
text editors to write the source code and 
resort to the editor in QuickC for fast 
corrections. 

The QuickC environment incorporates 
a filer that is responsible for various tasks 
related to source code file management. 
Among these tasks is а reminder for you 
to save the currently edited file when you 
exit or load another. The filer permits 
you to load an entire file and merge an in- 
clude file with the currently edited file. 
The filer also offers you two mechanisms 
to select a source code file. The first in- 
volves picking a file at large from a direc- 
tory display; you can specify the subdir- 
ectory path and wild cards used to display 
the filenames. The second method is to 
select a .MAK file from a program list. A 
program list groups a related set of source 
continued 
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QuickC 1.0 


Type 
C compiler 


Company 

Microsoft Corp. 

16011 Northeast 36th Way 
Р.О. Box 97017 
Redmond, WA 98073 
(206) 882-8080 


Format 
One double-sided, double-density 
534-inch floppy disk 


Language 
Machina language 


Hardware Needed 

IBM PC or compatible with 448K bytes 

af RAM and two floppy disk drives, or one 
5V4-inch floppy disk drive and a hard 

disk drive i 
Software Needed 

MS-/PC-DOS 2.1 or higher 


Documentation 
417-page Programmer's Manual; ог- 
line help; Quick Reference card 


Price 
$99 


Inquiry 902. 


files for a software project and is similar 
to a make facility. 

Compiling with QuickC invokes a spe- 
cial dialog box that permits you to select 
various compilation options, such as 
warning levels, output objects (e.g., ob- 
ject files, stand-alone executable files, or 
an in-memory executable image), Micro- 
soft language extensions, speed optimiza- 
tions, stack checking, pointer checking, 
and debugging. Other options let you 
control the extent of compilation: a single 
file, altered files, or all project files. The 
QuickC environment allows only the me- 
dium memory model, which imposes re- 
strictions on the amount of data a pro- 
gram can handle. Its run-time library 
incorporates code that supports the auto- 
matic use of the 8087 and 80287 chips. 
QuickC contains its own debugger in its 
environment and cannot use the Code- 
View debugger. 

The QuickC package also includes a 
command-line version of the QuickC 
compiler, QCL.EXE. This program lets 
you compile and link in one step, or com- 
pile your source code into object files that 
you link later. The QCL compiler employs 
many switches that parallel the menu op- 
tions of the QuickC environment. Its ad- 
vantage over the QuickC environment is 
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TWO FAST C COMPILERS 


MS-C 5.0 (including QuickC 1.0) 


C compiler 


Company 

Microsoft Corp. 

16011 Northeast 36th Way 
P.O. Box 97017 
Redmond, WA 98073 
(206) 882-8080 


Format 
Eight double-sided, double-density 
5'4-inch floppy disks 


Language 
Machina language 


Hardware Needed 
IBM PC or compatible with 448K bytes 
of RAM and a hard disk drive 


Software Needed 
MS-/PC-DOS 2.1 or higher 


Documentation 
Three manuals and a spiral-bound 
Quick Reference Guide 


Price 
$450 


inquiry 903. 


its ability to generate code for different 
memory models: It supports the small, 
medium, compact, and large models. (If 
you use the code within the QuickC envi- 
ronment, you can use only the medium 
memory model.) Since QCL's options re- 
semble those of the full-fledged MS-C 
compiler, I will concentrate on the latter 
in this review. 


Microsoft C 5.0 

Unlike QuickC, the MS-C 5.0 compiler 
is strictly command line-oriented. How- 
ever, its operation closely resembles QCL 
in that it quickly compiles source code 
and automatically links the object code 
files. MS-C 5.0 comes with several en- 
hancements and changes from its prede- 
cessor, version 4.0. Two of the most sig- 
nificant changes are its improved code 
optimization and support of the ANSI C 
standard. Although it was not available 
for this review, Microsoft's newly re- 
leased MS-C version 5.10 adds 05/2 
support. 

ANSI-standard support includes func- 
tion prototyping and the implementation 
of the const and volatile types. MS-C 
5.0 also lets you use enumerated types, 
treating them as integer values. The com- 
piler no longer supports the long float 


type (its replacement is the type double). 
MS-C 5.0 now supports the 1ong double 
type to provide enhanced data precision. 
You can use the sígned keyword to ex- 
plicitly indicate signed data. 

The MS-C compiler is rich with nu- 
merous directives that let you fine-tune 
the resulting output code. These switches 
fall into a number of categories, such as 
memory-model selection, type of proces- 
sor instructions, type of floating-point 
support, types of code optimization, and 
object-code generation for a debugger, to 
name a few. 

The MS-C compiler supports five 
memory models: small, medium, com- 
pact, large, and huge. The floating-point 
switches enable you to generate code for 
the 80х87 coprocessor and use emulation 
routines, generate in-line code, or call for 
an alternate floating-point math package, 
You can also instruct the compiler to gen- 
erate instructions for the 8088/8086, the 
80186/80188, or the 80286 processors, 
but MS-C 5.0 does not generate native 
code for the 80386. 

MS-C 5.0 can optimize programs for 
execution speed, code size, and loop exe- 
cution. Other directives let you perform a 
wide variety of tasks, such as control 
checking for null and out-of-range far 
pointers, enforcing ANSI standards, 
specifying output filenames for ,OBJ, 
EXE, .LST, .ASM, and „МАР files, and 
generating code for Windows applica- 
tions. You can also specify the generation 
of an object file for use with either Code- 
View or SYMDEB debuggers. 

MS-C comes with many function li- 
braries that let you perform a wide variety 
of tasks. The low-level libraries provide 
routines for buffer manipulation, mem- 
ory allocation. process control, time 
management, and routines to access the 
BIOS and MS-DOS interface. The com- 
mon C function libraries provide support 
for character classification, data conver- 
sion, searching, sorting, and string 
manipulation. 

The file manipulation and I/O libraries 
provide directory control, file handling, 
stream I/O, low-level I/O, console I/O, 
and port ИО. The math function libraries 
encompass logarithmic, trigonometric, 
hyperbolic, power, and other transcen- 
dental functions. Finally, the graphics li- 
brary contains routines to select the 
proper display mode, set coordinates, set 
the palette, set display attributes, output 
images and text, and transfer images. The 
graphics library supports EGA, CGA, 
MA, 2- and 16-color high-resolution 
VGA, and 256-color medium-resolution 
VGA modes. 

Included in the package are the linker 
(LINK.EXE) file utilities and the Code- 
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On the ground 
floor of high-tech 
environmental control. ci». energy, 


fire and security are all critical aspects of environmental 
control in large office buildings. The challenge for Johnson Controls, 
а leader in this tndusiry, 15 to provide a control system that is both 
technologically advanced and simple to operate. Using Smalltalk/ И 
Research иык Gene Korienek and Tom Wrensch have created а work- 
space environment thal allows rapid protetyping and modeling of future 
systems. At Johnson Controls this system 15 used to explore relationsinps between 
тте models of building operators and а ME iconic representations 
of building components. кке жет can then бе tested бу simply clicking 
a mouse and viewing the ts in sophisticated color graphics on a PC. 


The world is made of objects. So 


a natural language processt 


Smatliaik! 


short amount of time. Perfect for pro- 


Some of the world's biggest 
. problems are being solved with 
a touch of Smalltalk. 


The French Minist 
of Foreign Affairs is a 
responsible for keeping IN 
track of every French citizen living abroad and every foreigner livi 
they process thousands of requests for documents or information, each one of which takes 

t least fifteen minutes. Arthur Andersen, the world's largest accounting firm, has developed 
‘ application with Smalltalk/ V that enables clerks without 
computer training lo extract the necessary data much faster. Thanks to Smalltalk and 
system developers Bart Schutte and Pascal Wattiaux, what once took fifteen minutes now 
takes 30 seconds. Vite la 


у Abroad and involved 
foreign affairs. 


іл France. Each day, 


on the next generation 05/2 operating 


naturally the world is turning to Object- —grammers who are looking for a fast, system as well as DOS. 
Oriented rammin (OOPS). And efficient prototyping environment. Апа Get Smalltalk for a small price 
the fastest, easiest OOPS language and anyone who wants to quickly and easily ч 
Ko C ME. V RS, 
obice thelr Уп Program by defining — Introducing Smalltalk/ V286. ing optional applications packs are. 
relationships and 268 Our newest available for $49.95 each: Communi- 
their behavior. с> | version of Small. cations; ЕСА/УСА Color; Goodies 
Objectscanrepre- ШЕ | talk offers faster #1, Goodies #2, Carleton Tools and 
sent both real. Ж | | and more power- Goodies #3, Carleton Projects. 
world entities Ж ful OOPS capa- And everything comes with a 60-day, 
—people, A | | bilities. We've money-back guarantee. 
places, things | | | one from 16 to So visit your nearest dealer. Or call 
—as well as | 2-bit architecture. toll-free, 800-922-8255 and order direct 
useful abstrac- ' | From 640K to 16 with MasterCard or Visa. Or write to 
tions such as MB capacity for Digitalk, Inc., 9841 Airport Blvd., Los 
stacks, sets , 25 times the Angeles, CA 90045. 
and les memory. And ‚ Andlet us help you put Smalltalk 
Smalltalk/ designedittorun nto action. 
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a ил Smauiaix, even non. тте can create 
big 2 aan re Teaching students to құнт applications. Emam tap sa Атой 
dudingacom. | think economically. %7 Unversity of futur, dewlped 
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to get you started. and manipulate data, a student сап call up a set of markets and commodities for an 
imaginary communtly By changing the scenario, the зіндегі can not only study a variety 
Who needs of market behaviors, bu also lest the validity of his or her own reasoning. А pmcess 
Smalitalk? that provides а tot of food for thought. 
Because Smalltalk models the way 
people really think, it is perfect for 
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who have to solve tough problems in a 
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TWO FAST C COMPILERS 


Table 1: М5-С 4.0, 5.0, and QuickC 1.0, compared using the BYTE 
benchmark programs. The compilers were directed to generate code that 
would resemble QuickC 's code as closely as possible. You can see that 
optimized М8-С 5.0 code is faster than either MS-C 4.0 or QuickC code and 
that QuickC is faster than MS-C 4.0, 


Test Sieve Sort Float Float Dhrystone 
coprocessor emulation 
Compile/link 
QuickC 1.0 00:10 00:13 00:12 : 00:17 
MS-C 5.0! 00:12 00:13 00:12 } 00:18 
М$-С 5.0: 00:11 00.12 00:12 : 00:15 
MS-C 4.0? 00:16 00:18 00.19 | 00:24 
MS-C 4.0? 00:15 00:18 00:19 : 00:23 
Execution 
QuickC 1.0 00:08 00:24 00:13 6:37 2382" 
М5-С 5.0? 00:07 00:23 00:10 3:35 2777" 
MS-C 5.0? 00:16 00:30 МА МА 2173* 
М5-С 4.0: 00:13 00:2? 00:10 3:52 2272" 
MS-C 4.0? 00:18 00:31 МА М/А 2000" 


" Higher numbers indicate better performance. 


' Benchmark compiled once using the /FP1 directive. 


? Optimized code. 
7 Unoptimized code. 


Note: The QuickC environment supports only the medium memory model. | set QuickC 
to disable stack checking and to generate 80286-specific code. Since MS-C 5.0 loop 
optimization produced invalid times, t disabled this feature for the Float benchmark, Also 
for the Float benchmark, | used tha /FP1 option to allow tne program to run with of without 
а coprocessor present, Compile/link and execution limes are іп minutes;seconds; 
Dhrystone execution is in Dhrystenes per second. The Dhrystone versionis 1.1, using по | 


registers and performing 50,000 iterations. 


View debugger. LINK is a command line- 
oriented linker that complements the fea- 
tures of the compiler with many direc- 
tives to tailor the final properties of the 
executable file. Among these directives 
are ones to create special-format .EXE 
files for use with the CodeView debug- 
ger, pack adjacent code into one 64K- 
byte segment, and create libraries for use 
with QuickC, 

You use а librarian utility (LIB .EXE) to 
manage object code libraries by adding, 
deleting, replacing, copying, and extract- 
ing sublibraries from larger ones. You 
use the MAKE.EXE utility to maintain or 
automate software projects. It works by 
checking the dates of a program's source 
files. If some of the dates have changed, 
MAKE invokes the compiler or linker to 
bring all the program's components up to 
date. 

The CodeView debugger is perhaps 
the most important programming tool ас- 
companying the MS-C compiler. This 
sophisticated and versatile debugger 
comes with its own environment. Н lets 
you view the C source code along with 
the compiled machine code, single-step 
through the code, display registers, and 


set breakpoints. 
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See How They Run 

I compiled and ran four benchmark pro- 
grams: BYTE's Float, Sieve, and Sort 
benchmarks and the Dhrystone. I used an 
8-MHz IBM AT equipped with Intel's In- 
board AT/386 that had an 80386 CPU 
and an 80387 coprocessor running at 16 
MHz, 640K bytes of base memory, 2 
megabytes of extended memory (used for 
a RAM disk), a 20-megabyte hard disk 
drive, and a 30-megabyte HardCard. The 
system ran under PC-DOS 3.1. 

[ installed the C compilers on the 
HardCard. I then used the QuickC com- 
piler to compile the benchmark programs 
into stand-alone executable files, which I 
ran from DOS. I set the compile options 
for speed optimization; this setting gener- 
ates 80286-specific code and disables 
stack-checking. 1 ran the Float bench- 
mark twice, once to utilize the math co- 
processor and once with the coprocessor 
disabled to evaluate the speed of the emu- 
lation libraries. I suppressed the 80387 
chip by setting the МО87 environment 
using the command SET МОВ? — true. 

I also compiled these programs using 
MS-C 4,0 and 5.0. To get a reliable idea 
of how QuickC's results compared to 
MS-C's, I set the compiler switches to 


match QuickC's optimizations as much 
as possible. To do this, I used the medium 
memory model, disabled stack-check- 
ing, and requested 80286-specific code. 1 
invoked the /FP4 directive when I com- 
piled the floating-point test program, al- 
lowing it to run with or without the co- 
processor chip. 

With the exception of the Float test, I 
compiled the programs twice: once with 
maximum code optimization, and once 
with optimizations disabled. MS-C 5.0's 
loop optimization capability eliminated 
the Рог loop within this program entirely, 
yielding an elapsed time of 0, Therefore, 
I used a combination of compiler direc- 
lives that matched all but loop optimiza- 
lions when compiling the Float program. 

The benchmark results, shown in table 
1, favor the MS-C compiler over QuickC. 
The executable files emitted by MS-C 5.0 
have faster run times than those produced 
by QuickC or MS-C 4.0. The speed opti- 
mization made a significant impact on the 
Sieve benchmark, nearly doubling the 
speed of the program. You can see im- 
provements of roughly 20 to 50 percent in 
execution speed between the optimized 
executables of MS-C 5.0 versus MS-C 
4.0. The compilation and linking speeds 
for both MS-C 5.0 and QuickC are better 
than those for MS-C 4.0 and are indica- 
tive of their good overall speed. (Keep in 
mind that 1 used a 386 system running 
IBM PC AT hard disks.) 


Two Good Choices 

QuickC offers the novice C programmer 
a comfortable environment in which to 
learn С. The WordStar-like editor, flexi- 
ble filer system, rich on-line help, in- 
memory compilation feature, and fast, 
convenient compilation are factors that 
appeal to the student of C language or to 
the software designer who wants to proto- 
type code rapidly. The optimized code is 
faster than MS-C 4,0's and comes close 
to the speeds of optimized MS-C 5.0 
code. However, the QuickC environment 
supports only the medium memory 
model, which limits its usefulness in de- 
veloping large programs and even its use 
as a front-end development tool. 

The Microsoft C 5.0 compiler is a 
workhorse language tool. It incorporates 
many optimization features, supports the 
new ANSI standard, and automates the 
linking process. The extensive compiler 
and linker directives, the librarian, and 
the CodeView debugger provide you with 
a robust development package. № 


Namir Clement Shammas, of Glen Allen, 
Virginia, is a freelance writer and a col- 
umnist for several microcomputing 
magazines. 
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INTRODUCING FUJITSU'S 
713000 SERIES PRINTERS, 


Meet Fujitsus new DL3000 series printers. All you 
aver wanted from a 24-wire dot matrix printer at a 
surprisingly affordable price. 


superb Paper Handling, Speed, and Quiet Operation. 

First, with just a push of a button you can switch 
between letterhead and computer paper. The built-in 
ractor with paper parking does all the work. 

Next, print fast. 288 characters per second, or one-page 
memos in 10 seconds. 

Finally, print quiet. Quiet enough to let you comfortably 
carry on а conversation. 

Easier, faster and quieter than the competition. Ask to 
see one. We'll prove it. 


Comes Fully Loaded, Ready To Go To Work. 

The 01.3000 printers give you crisp graphics and 
exceptional letter quality printing. 

They give you an easy-to-use programmable operator 
panel with memory for two different menus. And you'll 
be compatible with todays popular business systems 
and software. 

You even get an industry leading reliability rating of 


_ FOR MORE INFORMATION ON THE DL3000 SERIES PRINTERS, CALL 800-626-4686 - 
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NEW POWER FOR FORTRAN 


New Power for 
FORTRAN 


Carl Byington 


Two new compilers 
take advantage of the 80386 
and its coprocessors 


FORTRAN has been around for over 30 
years, but when it comes to number 
crunching, FORTRAN is still the best 
tool. Мом, it is even better. Two new 
compilers use the 32-bit registers of the 
Inte] 80386 to allow more efficient code 
when accessing arrays larger than 64K 

and when using 32-bit integers. 
Both SVS FORTRAN 386 version 2.7 
($895) from Science Applications Inter- 
national Corp. (SAIC) and МОР FOR- 
TRAN 386 version 1.3a ($595) from 
MicroWay generate code for the 80386 
32-bit native mode and support the 
80287, 80387, and Weitek 1167 floating- 
point coprocessors. 

These compilers require more than 
minimum hardware configurations. NDP 
FORTRAN 386 requires an 80386-based 
computer with a 1.2-megabyte floppy 
disk drive, a hard disk drive with at least 
2 megabytes free, at least 640K bytes on 
the motherboard, and 2 megabytes of ex- 
tended memory. It also requires that you 
have MS-DOS 3.2 (or higher) and Phar 
Lap's 386|А5М, 386|LINK, and 
RUN386. The Phar Lap р are 
available in the 386| ASM/LINK package 
for $495. SVS FORTRAN 386 requires 
an 80386-based computer with a 1.2- 
megabyte floppy disk drive and a hard 
disk drive with 2 megabytes free. SVS 
FORTRAN needs 640K bytes, but does 
not require extended memory to run. You 
will need MS-DOS version 2.0 or higher 
and Phar Lap 386|/LINK. Both compilers 
produce executable code that requires a 
floating-point coprocessor, but only the 
SVS compiler requires a floating-point 
coprocessor for the compiler itself. 


Power at a Price 

Both compilers depend on a DOS-exten- 
sion package that interfaces their 32-bit 
code to the IBM PC's 16-bit operating 
system. The SVS FORTRAN system uses 
a modified version of the X-AM package 
from Intelligent Graphics Corp. NDP 
FORTRAN uses Phar Lap's RUN386 
version 1.1v or higher. In a normal 16-bit 


168 BYTE = APRIL 1988 


compiler, there are three components 
that may contain bugs (the compiler, the 
run-time libraries, and the operating sys- 
tem). With these 32-bit compilers, you 
also have to worry about the DOS-exten- 
sion package. 

Both compilers generate object mod- 
ules that you must link with the run-time 
libraries to create an almost executable 
module. To run that module, you must 
first invoke the DOS-extension package. 
Neither the compilers nor their generated 
object programs will run if the 80386 
processor is in the virtual 86 mode. The 
run-time libraries do not include any 
routines for screen I/O, cursor control, 
color control, graphics, or database 
management. 

Both compilers, their generated object 
programs, and the Phar Lap tools all 
work correctly with Personal REXX 
from Mansfield Software Group. Per- 
sonal REXX is a rful command pro- 
cessor to which I am addicted. 


SVS FORTRAN 2.7 

When you purchase the SVS system, you 
receive the compiler and the run-time li- 
braries. Also included is a copy of the re- 
quired DOS-extension package, but you 
must purchase the required linker sepa- 
rately from Phar Lap. The software is on 
two 1.2-megabyte floppy disks: one for 
use on 80287/80387 systems and the 
other for use on Weitek 1167 systems. 
SAIC supplies a user's guide, a FOR- 
TRAN reference manual, and a debugger 
reference manual. None of the manuals 
include an index. The license for the 
compiler provides an unlimited license to 
distribute the DOS-extension package 
with your linked modules to your clients. 

The SVS compiler runs on Motorola 
68000 and National Semiconductor 
32000 Unix environments, in addition to 
MS-DOS on an 80386-based system. The 
manual covers all systems generically, 
with an appendix giving the specific de- 
tails for each system. 

The SVS FORTRAN compiler re- 
quires a floating-point coprocessor. You 
must choose a numeric processor (e.g., 
80287, 80387, or Weitek 1167) when you 
install the compiler. If you want to com- 
pile a program on a machine with one nu- 
тегіс processor and execute that pro- 


gram on a machine with a different 
numeric processor, you must modify the 
compile-and-link batch files. You need to 
copy the target coprocessor support li- 
brary to the proper subdirectory on your 
hard disk and change the numeric copro- 
cessor switch in the compiler command 
line before you can begin cross develop- 
ment. The documentation for this process 
is sketchy. 

The compiler recognizes over 20 
switches to control the input and output 
files, debug status, FORTRAN-66 com- 
patibility, numeric processor selection, 
and parameter passing model. You can 
also specify most of these as metacom- 
mands of the form $xxx in the source file. 


А Complex Path to Execution 

The SVS FORTRAN compiler is really 
three separate programs (FORTRAN, 
TCODE, and JLINKER) that you must 
run with different parameters. These 
three programs read your FORTRAN 
program and produce a linkable object 
module. There is no option to generate an 
assembly language source or listing file. 

SAIC supplies a small batch file to 
compile and link a single FORTRAN 
program. Compiling FOO.FOR will pro- 
duce FOO.OBJ, FOO.REX, and Ғ00.ЕХЕ. 
The .OBJ file is the linkable object 
module. The linker produces the re- 
locatable executable file called the . REX 
file. The .EXE file is a copy of 
ХАМЕМУ, the X-AM equivalent of Phar 
Lap's RUN386. When you run FOO from 
the DOS command line, you аге really 
running a copy of ХАМЕМУ with a dif- 
ferent name. That program determines 
the name (FOO) from DOS and loads 
FOO.REX as a protected native-mode 
80386 program. 

You can modify two pieces of informa- 
tion in the FOO. EXE file. The STACKSZ 
utility can modify the stack size value in 
the FOO.EXE file. If you are running 
under DOS 2.x, the program name (FOO) 
is not available for execution. The 
SVSNAME utility can modify the pro- 
gram name value inside the FOO. EXE file 
so that it can locate FOO.REX even under 
DOS 2.x. 

Every FORTRAN object program 
creates another copy of XAMENV on 
your disk. All these copies differ only in 
name, in the few bytes that store the FOR- 
TRAN object program name (you cannot 
even reference that field unless you run it 
under DOS 2.x), and in the stack size for 
the program. The problem is that each 
FORTRAN program on your disk uses 
116K bytes of disk space to store just 20 
bytes of information. The alternative is to 
create a batch file that runs your pro- 
grams and makes a temporary copy of 
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Table 1: Results of FORTRAN benchmarks show that SVS FORTRAN 
produces considerably smaller executable code than that produced by NDP 
FORTRAN. 


Time (in seconds) Size (in bytes) 
Compile Link Execute .OBJ EXE 
Floating-point arithmetic (calculations) (10,000 iterations) 
NOP 11 8 32 923 54332 
SVS 18 7 25 687 20084 
Eratosthenes Sieve (15,000 iterations) 
NDP 11 9 .11 888 84312 
SVS 18 7 ‚11 730 20160 
Write 1024 128-byte records of character data 
МОР 10 8 4.97 1034 54508 
SVS' 18 8 5.49 939 30248 
SVS? 18 8 8.94 939 30248 
Read 1024 128-byte records of character data 
NOP 10 9 8.42 812 54328 
SVS 18 8 8.68 784 30368 
Write 1024 126-byte recorda of formatted numeric data 
NOP 10 B 9.06 850 54236 
SVS' 19 8 7.07 830 28252 
SVS’ 19 8 12.89 830 28252 
Read 1024 126-byte records of formatted numeric data 
NDP 11 8 9.03 821 54244 
SVS 20 8 9,01 TY43 31628 
Write 1024 36-byte records of unformatted numeric data 
NOP 11 9 1.81 846 54928 
5У5! 19 8 1.69 825 24824 
Svs? 19 a 2.60 825 24824 
Read 1024 36-byte records of unformatted numeric data 
NDP 11 9 1.65 813 54932 
SVS 20 7 1 43 764 24800 
Time (in seconds) Size (in bytes) 
Compile Link Whetstones .OBJ .EXE 
Single-precision Whetstones 
NDP 23 8 1923 5209 56972 
SVS 21 7 2000 3285 28488 
Double-precision Whetstones 
NDP 24 8 1666 5698 57252 
SVS 22 8 1666 3629 28740 
Time (in seconds) Size (in bytes) 
Compile Link Execute  MFLOPS .OBJ EXE 
Single-precision LINPACK 
NDP 55 12 83.87 .242 14935 388776 
SVS 25 9 76.73 ‚265 9138 40972 
Double-precision LINPACK 
NOP 57 16 102.38 .195 15344 711720 
SVS 26 9 97.93 .204 9543 44200 
'Create new file. 
Overwrite old file. 


Note: Timings for the Whetstone benchmarks are given in thousands of Whetstones per 

second. Timings for the LINPACK benchmarks are given іп both seconds and MFLOPS 

(millions of floating-point operations per second). The object-file sizes are given for the 
EXP form for the NDP system, and the .REX form for the SVS system. 
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ХАМЕМУ, sets its stack size to the cur- 
rent program's required size, runs it, and 
then deletes it. 


Tools for Debugging 

The SVS debugger is a symbolic debug- 
ger that uses a line-oriented display. In- 
stead of the multiple-window, user- 
screen-saving debuggers found with 
many MS-DOS packages, SVS FOR- 
TRAN uses a glass-teletype display with 
simple scrolling lines of information. The 
debugger can display variables by name 
or by specific value as long as the variable 
is not in a register. You set breakpoints 
and tracepoints by the subroutine name 
and the statement number (not line num- 
ber) within that subroutine. This debug- 
ger does not know about watchpoints, so 
you will have to single-step the program 
and display the variable of interest at each 
step. 

The debugger can also display array 
elements, but Шеге is no command to 
display every element (or a collection of 
elements) of an array. You can display the 
value of x(1), x(i), or x(x(1)), but you 
cannot display i+j or x(i-- 1) since the 
debugger has no arithmetic operations. 


Gotchas 

The SVS system does not associate units 
5 and 6 with standard ГО. Although the 
ANSI standard does not require this, 
there are a lot of programs that assume 
these unit numbers are special. The SVS 
system uses unit 0 for standard I/O and unit 
1 for standard error. New FORTRAN 
programs should use READ(*,...) and 
WRITE(*,...) rather than any specific 
unit number. 

SVS FORTRAN 386 can create a new 
file about twice as fast as it can overwrite 
an existing file. For this reason, I per- 
formed file-manipulation benchmarks 
twice for the SVS compiler (see table 1). 
The NDP system does not display this 
anomaly. 

The SVS system does not tolerate de- 
vice drivers that use extended memory. If 
you try to run an SVS FORTRAN pro- 
gram while SMARTDRV is active, the 
system will reboot itself with no error 
message. Your program will also hang if 
it tries to write an unformatted file that is 
larger than the available disk space. If 
that happens, you just press Control-C to 
terminate the program without rebooting 
the machine. Finally, the DOS-extension 
package takes over interrupt vectors 78 to 
7F and does not restore them when the 
FORTRAN program terminates. 


SVS Code Generation 

The SVS compiler generates code that 

contains some interesting features. The 
continued 
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The HP LaserJet акы 
: mernory you can even 
Series II Printer. Gridt Sephi&ticated 300 
Nothing brings your DPI full-page graphics. 
ideas to life like the HP And with HP's ScanJet 
LaserJet Series II Printer— scanner, you can also 
from office memos to forms easily add photographs, 
to newsletters. As the leading laser illustrations and text. 
printer, it works with all popular PCs No wonder more people choose 
and PC software packages. And, with the original over all other laser printers 
a wide range of fonts, you get more combined. 
Options to create superior looking So call 1 800 752-0900, Ext. 900D 
documents. for your nearest HP dealer 
( ЧО HEWLETT 
АЛД РАСКАРО 
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SVS FORTRAN 386 2.7 


Type 
80386 native-mode FORTRAN compiler 


Company 

Science Applications 
International Corp. 
5150 El Camino Real 
Suite C-31 

Los Altos, CA 94022 
(415) 960-3322 


Format 

Two 1.2-megabyte 54-inch floppy disks 
(one for 80287/80387 systems and one 
tor Weitek 1167 systems); one 3Vz-inch 
floppy disk for PS/2 Model 80 


Language 
Pascal 


Hardware Needed 

80386-Базед system with опе 1.2. 
megabyte 5%-inch floppy disk drive; 
640K bytes of RAM; hard disk drive with 
at least 2 megabytes free; 80287, 80387, 
or Weitek 1167 floating-point 
coprocessor 


Software Needed 
Phar Lap 385| ASM/LINK: $495 


Documentation 

45-page user's guide; 200-page 
FORTRAN reference manual; 55-page 
debugger reference manual 


Price 
$895 


Inquiry 904. 


compiler aligns the code for a loop on a 
4-byte boundary. When the jump trans- 
fers control from the bottom of the loop 
back to the top, the 80386 processor 
nceds to access memory to fill the pre- 
fetch queue with the first instruction. 
This alignment ensures that all the bytes 
fetched with that first instruction are part 
of the current loop. 

The compiler typically optimizes for 
execution speed, generating the three-in- 
struction sequence 


mov eax, temp20 
lea ecx, [eaxt+eax*8] 
lea eax, lecx+eax*2] 


rather than the much shorter single 
instruction 


imul eax, temp20,i1 

because the three-instruction sequence 

actually executes about 12 percent faster. 
You should not consider the SYS com- 

piler as a perfect optimizing compiler, 
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NOP FORTRAN 386 1.38 


Type 
80386 native-mode FORTRAN compiler 


Company 
MicroWay 

Р.О. Box 79 
Kingston, MA 02364 
(617) 746-7341 


Format 
Опе 1.2-megabyte 54-inch floppy disk 


Language 
FORTRAN 


Hardware Needed 

80386-based system with ona 1.2- 
megabyte 5V4-inch floppy disk drive: 
640K bytes of RAM; hard disk drive with 
at least 2 megabytes tree; 2 megabytes of 
extended memory; 80287, 80387, or 
Weitek 1167 floating-point coprocessor 


Software Needed 
Phar Lap RUN386 and 386|ASM/LINK: 
$495 (neaded only if running under DOS) 


Documentation 
90-page user's manual: 100-page 
reference manual 


Price 
$595 


Inquiry 905. 


however. А peephole optimizer would 
clean up these instruction pairs that the 
SVS compiler generated in some of my 
test cases. 


mov 
mov 


temp10, eax 
eax, templ10  ; remove 
тоу 
тоу 


tempi0,eax 
ecx, temp10 
mov ecx,eax 


; replace with 


mov 
mov 


ед1, temp10 
edi,i 


; remove 


For a DO loop of the form "Do 10 I = 
1,N", SVS generates the following loop- 
control instructions at the bottom of the 
loop: 


inc temp10 
mov esi,templ10 
emp esi,templá 
jle top 


If you use the index variable inside the 


loop only as an array subscript, SVS 
could improve this code by changing to 
the loop style that NDP FORTRAN uses. 


NDP FORTRAN 1.3a 

When you purchase the NDP system, you 
receive the compiler and the run-time li- 
braries. You must still purchase the re- 
quired assembler, linker, and DOS-ex- 
tension package separately from either 
Phar Lap or MicroWay. You can sell your 
linked modules to your clients, but the 
modules will be of no value to them 
unless you also buy an unlimited license 
to distribute the DOS-extension package, 
your client buys a copy of the DOS-exten- 
sion package for each machine that will 
run your application, or your client runs 
Unix. 

This compiler is available only for the 
80386 under either Microport's Unix or 
MS-DOS with Phar Lap's 386|DOS- 
Extender (see table 2). The package in- 
cludes the NDP FORTRAN compiler, a 
compiler driver (f77), a make utility 
(mm), and the run-time libranes. The 
run-time libraries do not include any pro- 
cedures for screen I/O—for example, 
cursor control, color control, windows, 
or graphics. 

NDP FORTRAN comes on à single 
1.2-megabyte floppy disk. To install 
NDP FORTRAN, you simply copy the 
entire contents of the floppy disk to any 
subdirectory listed in your PATH com- 
mand. You must also add SET NDP-path 
to your AUTOEXEC.BAT file to tell the 
compiler its location. If the Phar Lap 
tools are not in the NDP directory, you 
need to add SET TOOLSspath to your 
AUTOEXEC . BAT file. 

MicroWay supplies a user's manual 
and a reference manual. Both manuals in- 
clude an index. 

The NDP FORTRAN compiler does 
not require any numeric processor. The 
object programs that it generates require 
a numeric processor (e,g., 80287, 
80387, or Weitek 1167) based on the 
switches that you specify when the pro- 
gram compiles. 

There are three ways to run this com- 
piler. You can run the compiler driver 
(f77) with a variety of switches. The 
driver will then run the compiler, assem- 
bler, and linker with the appropriate 
switches. You can run the minimake pro- 
gram (mm), and it will build your pro- 
gram according to the values that it has 
saved in a small database, or you can 
directly run the compiler, assembler, and 
linker yourself (from a batch file) with 
the correct switches. This last approach 
is the only way to get the assembler to 
produce the assembly language listing 
file that you will need to use the debug- 
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Every presenter wants to make a com- 

pelling, persuasive case. And color, 
you'll agree, makes all 

the difference. 

Its more eye- 

catching. More 

readily under- 


memorable. In short, color makes any 
desktop presentation more effective. 
And research proves it. 

АШ you need is a Hewlett-Packard 
ColorPro Plotter like we used here, or 
the HP PaintJet Color Graphics Printer. 
Together with a PC—IBM compatible 
or Apple Macintosh—you can use all 
the popular graphics software like 
Lotus Freelance Plus, Cricket Presents, 
HP's Graphics Gallery (used below), 


Microsoft Chart and Harvard Graphics. 


C 


At under $1,300, the HP ColorPro 
Plotter may be just where you want to 
start. It will turn your ideas into colorful, 
easy-to-grasp visuals. Or, if you need to 
combine near-jetter quality text with 
color graphics, you can rely on the 
HP PaintJet Color Graphics Printer for 
under $1,400. Whichever you choose, 
you'll create desktop presentations 
with startling color and greater impact. 

For a colorful sample overhead and 
the name of your nearest dealer, call 
1 800 752-0900, Ext. 903A. 


Frealanca Pus? and Leus? ara U S. registered trademarks of Lotus 
Development Corporation Мистовой® яв О 5 registered trademark 
of Microsoft Corporauon 


© Hawiett-Packard 1988 
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| Table 2: А comparison of features. 
Basic facilities 
Product version SVS FORTRAN 386 NDP FORTRAN 386 
version 2.7 version 1.3a 
Hardware support 80386, 68000, 32000, 80386, 
80287, 80387, 80287, 80387, 
Weitek 1187 Weitek 1167 
Operating system Unix (68000 and 32000); Microport 
MS-DOS (80386) Unix V,3; MS-DOS 
| MS-DOS extension X-AM trom IGC Phar Lap RUN386 
| Copy-protected Мо Мо 
Memory required 2 megabytes 2 megabytes 
Disk space required 2 megabytes 2 megabytes 
Assembler required None Phar Lap 386|ASM 1.1v 
Linker required Phar Lap 386|LINK Phar Lap 386/LINK 1.1v 
Development 
Debugger Symbolic DOS-type Debug supplied 
with Phar Lap sottware 
Generates symbolic No ` Yes 
assembly code 
Data Types 
Loges "1, *2, *4 5127054 
Integer *1. ^2, `4 “1, “2, *4 
Real 4,78 “4,78 
Complex “8 “8,716 
Fila ШО 
Unit 5 or 8 for standard I/O No Yes 
Interfaces 
Call other languages Pascal, С Pascal, С 
DOS I/O No No 
Compatibility 


VDISK 
SMARTDRV 


НЕХХ 


ger. The compiler recognizes over 50 
switches to control the optimization level, 
ГО file directories, FORTRAN-66 com- 
patibility, and numeric-processor selec- 
tion. Although the FORTRAN language 
is not case-sensitive, these compiler 
switches are. 


Limited Debugging Capabilities 

The NDP FORTRAN system does not in- 
clude a debugger, but the Phar Lap tools 
include two debuggers. The MINIBUG 
debugger is very similar to the DOS De- 
bug. The 386DEBUG is something of a 
symbolic debugger, which probably 
works nicely for assembly language pro- 
grammers, but has serious limitations for 
FORTRAN programmers. The only 
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symbols that this debugger knows are 
giobal (external) symbols, and NDP 
FORTRAN generates global symbols 
only for named common blocks and sub- 
routines. This means that you can dump 
the contents of a named common block, 
or set a breakpoint at the entry to a sub- 
routine, without the listing files. If you 
want to do anything else, you still need 
the listing files and the ability to read 
80386 code. 

Like MINIBUG, 386DEBUG cannot 
display any file on the screen, so you still 
need hard copy listings. 386DEBUG can 
use a second ASCTI terminal connected to 
COMI or СОМ2 for debugging. In this 
mode, the debug commands do not over- 
write your FORTRAN program output 


on the maín monitor, but you need a sec- 
ond monitor and keyboard on your desk. 


Into Extended Memory 

Both the compiler and the object pro- 
grams that the compiler generates recog- 
nize the existence of the VDISK and 
SMARTDRV device drivers. You could 
place your source code and the run-time 
libraries on a large VDISK, letting you 
compile, link, and execute programs 
without touching the hard disk. If you 
gave that same memory to SMARTDRV, 
you would achieve almost the same per- 
formance level, but the hard disk would 
always have a current copy of your code. 


Gotchas 

The NDP system has problems detecting 
the end of available disk space. If your 
program tries to write a file (formatted or 
unformatted) that is larger than the avail- 
able disk space, it will not receive any 
error indication. The write statement will 
complete, and control will pass to the 
next staternent, even though the data was 
not actually written. 

Data size has a dramatic effect on pro- 
gram size in the NDP environment. Con- 
sider a program that declares a 4-mega- 
byte array. The object program that the 
NDP compiler generates is much smaller 
than 4 megabytes, but the executable pro- 
gram that the Phar Lap linker generates is 
larger than 4 megabytes. The executable 
file contains an image of the array, even if 
the array is not initialized. If you locate 
the array in a common block, this prob- 
lem does not occur. 

The -n2 compiler switch for 80387 
code works correctly, but the compiler 
driver still asks for the 80287 library dur- 
ing the link phase. 


NDP Code Generation 

The main weakness of the NDP com- 
piler's code generator is in the array-ad- 
dressing computations in DO loops. The 
compiler generated a total of 68 instruc- 
tions for a simple array multiply routine. 
Of these, the compiler could remove 15 
(22 percent) without changing any of the 
other instructions. 

Another weak spot is the code gener- 
ated for real-to-integer conversions. This 
compiler generates the following code for 
the statement 1=x: 


fnstew word ptr temp16 
mov ax, tempié 

or ax, 3072 

mov templ4, ax 
fldcw word ptr temp14 
fld dword ptr x 
fistp dword ptr 1 
fldcw word ptr +етр16 
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А Real System V 
for your 386 or 286-based PC! 


Microport System V/386 is 
derived from AT&T Unix® Sys- 
tem V Release 3 certified source 
code. Release 3 represents a 
major upgrade in operating sys- 
tem capability and is destined for 
market dominance. ( Microport 
System V/AT-286 is developed 
from UNIX System V.2) 


Microport System V provides 
true multi-user and multi-tasking 
capabilities. It runs in protected 
mode and supports the entire 
address space available; up to six- 
teen megabytes on the AT and up 
to four gigabytes on the 80386. It 
supports all standard hard disks, 
multiple printers, and modems, 17 
users on an AT and many more 
users on an 80386. 


Additional Features: 

С} Demand-paged virtual memory 
management 

Li Virtual consoles allow multiple 
windows for UNIX applica- 
tions and DOS windows under 
DOS Merge 

о Electronic mail, communica- 
tions with uucp and cu 

О Dynamic buffer allocation 

О PC-DOS partitioning allows 
DOS and System V files to 
reside on the same hard disk 
(DOS Merge uses common file 
system) 

О Shared libraries 

С 80286 compatibility 

О Link kit to allow user 
installable device drivers 

С Menu-driven system 
administration 

О On-line help facility 


Microport SysVision" is a 

part of both System У/АТ and 
System V/386. Sys Vision lets you 
perform all system housekeeping 
tasks without knowing the spe- 
cific UNIX commands. It is menu 
driven and has context sensi- 

tive help. 


Call (800) 722-8649 today and 
order System У, the first 400 
callers mentioning this ad will 
receive a special discount coupon. 


RUNTIME PACKAGE The System V Runtime Package contains over 180 
utility programs. It is one of the most comprehensive available and includes the 
screen editor "vi?" System V is sold with a two user binary license. For an 
upgrade fee users can extend this to an unlimited number of users. 


80286: $199 80386: $199 


UNLIMITED USER UPGRADE LICENSE KIT Upgrades System V 
Runtime for an unlimited number of users. 


80286: $249 80386: $249 


SOFTWARE DEVELOPMENT SYSTEM Includes the AT&T C compiler 
that makes full and efficient use of your processor's instruction set. The 

80386 package also includes the Green Hills C-386 compiler, selected by Intel 

as the fastest for the 80386. ( Fortran-386 $695, Pascal-386 $695) Sdb, the 

source level debugger, allows display of actual lines of C code being executed. 
Many useful tools such as SCCS (source code control system), Make and Ctrace 
are also provided. 

80286: $249 80386: $499 


TEXT PREPARATION SYSTEM This packnge consists of the complete 
System V Documentor's Workbench" (DWB 2.0 on 386). It includes both the 
new troff (device independent troff) and the old troff (otroff). Drivers for the 
HP LaserJet Printer and APPLE's Laser Writer are optionally available. 


80286: $199 80386: $199 


COMPLETE SYSTEM V (2 User) Includes Runtime Package, Software 
Development Package and Text Processing Package. 


80286: $549 80886: 9798 


DOSMERGE Supports the concurrent use of both System V and DOS. With 
Merge you can develop software combining DOS and System V programs 
and commands. You can even run DOS and System V using the same files. And 
DOS Merge 386 uses the full capabilities of the 80386's memory management so 
you can run multiple DOS and System V programs at the same time on dumb 
terminals. DOS Merge 386 comes in 2-user and unlimited user versions. 


80286: $149 80386 (2-ивег): $395 80386 (Unltd): 3495 


JSB MULTIVIEW Every UNIX operating system needs this to put all that 
power firmly in its place, under your control. JSB Multiview is a combined multi- 
tasking, concurrent windowing environment for the console and terminals, 
providing the complete user interface in a controlled, protected manageable way. 


80286: $395 80386: $495 


NETWORK SERVICE EXTENSIONS (System V/386 only) is an option to 
provide development tools for networking and communications capabilities. 
RFS (Remote File Sharing) lets you share directories, devices, and named pipes 
transparently among computers that are linked by a network. 

STREAMS is a general, flexible facility and a set of communication and 
networking services within the UNIX system. It provides a uniform mechanism 
for program development, ranging from networking applications to individual 
device drivers. 

80286: N/A 80386: $199 


Microport also carries an extensive library of third party software products. 


“ONIX and Documentor 

trademarks H ATAT. Sater ОЕТ System VAT and 
DOS Merge are trademarks of Mieroport Syatams, Inc. 
Other brunda sod products are Lredemarks of thelr 
respective holders. 
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This compiler needs only two control 
words to run the 80387 for most орега- 
tíons. One control word specifies round 
nearest (used for normal operations) and 
the other specifies chop (for real-to-inte- 
ger conversions). In the above example, 
the first four instructions store the normal 
control word and convert it to the conver- 
sion control word. The compiler could 
remove those instructions if it generated 
two constants for the appropriate control 
words and loaded them as necessary. 

А peephole optimizer should be added 
to clean up these instruction pairs that 


NEW POWER FOR FORTRAN 


were generated in some of my test cases: 


mov есх,1 ; remove 
imul ecx,ecx,10 ; replace with 
; nov ecx, 10 


mov temp24,edx 
emp temp24,0 ; replace with 
гог 

; edx,edx 

jle label 


; replace with 
; mov ecx, edx 


lea есх, [едх] 
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fst [ебх] ; replace with 
3 stp [ebx] 
fstp в%(0) ; remove 


For a DO loop of the form “DO 10 I = 
1,N", this compiler generates the follow- 
ing loop-control instructions at the bot- 
tom of the loop: 


dec tempio 
Jne top 


Note that this code is much faster than the 
code that the SVS compiler generates. 


Trade-offs of Speed 

and Convenience 

I tested both compilers on a Compaq 
386/20 with an 80387, 6 megabytes of 
Compaq 32-bit memory, and a 60-mega- 
byte hard disk drive. 

The SVS system creates executable 
files about 25K bytes smaller than those 
that the NDP system produces. This 
mainly reflects the size of the base set of 
run-time routines that link into any FOR- 
TRAN program. The NDP compiler 
generates object code sequences that are 
about 25 percent larger (in terms of object 
code bytes) than those that the SVS com- 
piler generates, but the code executes 
only about 5 percent slower. 

The SVS compiler takes almost 50 per- 
cent longer than the NDP compiler on 
small test cases like the Sieve and File I/O 
benchmarks, but it becomes almost twice 
as fast as the NDP compiler on large or 
complicated programs such as the 
LINPACK. 

The SVS system comes complete with 
almost everything you need to write, de- 
bug, and sell your FORTRAN applica- 
tion abject module. The only other equip- 
ment you need is the Phar Lap linker. The 
NDP system does not include a debugger, 
although it does include one with the re- 
quired package from Phar Lap. 

While the SVS compiler has much bet- 
ter debugging facilities than NDP, with 
SVS you'll have multiple copies of ХА- 
MENV . EXE taking up hard disk space. 

If you need a compiler that is compat- 
ible with extended-memory utilities, 
such as VDISK and SMARTDRV, NDP 
FORTRAN is the only choice. 

In short, while both compilers are 
powerful, neither is perfect. Indeed, the 
major disadvantages of both compilers 
are that they are neither as mature nor as 
stable as the 16-bit compilers from Ryan- 
McFarland or Microsoft. м 


Carl Byington is the founder of 510 Soft- 
ware Group, Rancho Palos Verdes, Cali- 
fornia. The company specializes in lan- 
guage.run-time support systems and 
database applications. 
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The 80386 control program that brings you true DOS multitasking. 


VM/386 uses the virtual 8086 mode, built 
into the 80386 processor, to create individual vir- 
tual machines. You can load a different applica- 
tion in each virtual machine. А 386 PC wit 
VM/386 is like having a desktop full of PC's all 
working for e at the same time, giving you the 
power and flexibility to pet all your jobs done at 
once. TRUE MULTITASKING with VM/386 
from | 


Increased Productivity 


With VM/386, your 386 PC becomes more 


than just a fast AT. VM/386 dramatically increases 
your productivity by allowing you to run several 
rograms simultaneously and not have to wait 
or one application to finish before you start-up 
or work with another. And unlike other control pro- 
grams, VM/386 is easy-to-install, easy-to-learn and 
easy-to-use. 


| Моге Compatibility, No Retraining 


VM/386 runs all industry standard MS- 
DOS and PC-DOS software. It supports LIM 
expanded memory specifications and runs ЕСА 
applications in the ІІ perfectly. УМ/386 
supports the monitors, hard disks, printers, 
mice and modems you are currently using or 
plan to use. 

Interact with VM/386 in exactly the same 
way as you interact with your PC, using the fa- 
miliar DOS commands. No need to learn a new 
interface or be retrained. 
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Complete Control over the Environment 


Each virtual machine (VM) can be 
customized to make full use of the power of your 
386 PC. Each VM has its own DOS, AUTOEXEC 
file and CONFIG file. You can specify the size 
and type of RAM in each VM and can set the 

rocessing power and priority of each VM. And 
Ms are protected from one another. 


Superior Performance 


VM/386 takes full advantage of the 


ower 
of the 80386 because it was designed specifically 
for 386 PCs, VM/386 provides superior perform- 
ance compared to other 386 control programs by 
utilizing buffered I/O to reduce disk access and 


VMs to share a RAM disk. 
C Magazine called VM/386, “An exciting 
new program...” Try it yourself and get the per- 
formance you bought your 386 PC for. 


allowin 


Call PROGRAMMER'S PARADISE today to order VM/386 
List Price: $245 Our Special Price: $179 


Get all the power your 386 has to offer and 
true multitasking with 386 from IGC. 


1-800-445-7899 
In NY: 914-332-4548 
Programmers 
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Programmer' Paradise Gives You Superb Selection, 
Personal Service and Unbeatable Prices! 


Welcome to Paradise. The microcomputer software source that caters to your programming needs. 
Discover the Many Advantages of Paradise... 


e Lowest price guaranteed 
* Latest versions 


e Huge inventory, immediate shipment 
е Knowledgeable sales staff 


We'll Match Апу 


€ Special orders 


е 0-day money-back guarantee* 


Nationally Advertised Price. 


LIST OURS 
354 SOFTWARE 
384. TO- THE-MAX NEW 75 88 
ADVANTAGE 346 C OR PASCAL з5 87% 
DESQVIE'W [3g 18% 
FOXBASE «:286 595 CALL 
HIGH C.386 NEW 895 — 838 
МІСКОРОЕТ DOS/MERGE 119 
МІСКОРО 
SYSTEM У/366 (COMPLETE) те sn 
RUNTIME SYSTEM 199 18% 
MS WINDOWS 386 SPECIAL 195 125 
NDP C OR FORTRAN-386 NEW 595 645 
PC-MOS 386 CALL CALL 
PHARLAP 3зШАЗМДАНҚ 495 419 
PHARLAP 388 DEBUG 195 155 
PROFESSIONAL PASCAL яда яла 
SCO XENIX 
SYSTEM V 330 (COMPLETE) 1495 1195 
OPERATING SYSTEM 695 — S57 
VP;LX 
2 USER 445 ІР 
UNLIMITED 995 Т” 
VMS SPECIAL 245 — 178 
X-AM 595 635 
ADA 
ALSYS ADA (W/MAINTENANCE} 3335 211% 
ALSYS ADA TOOLSETS 993 +19 
ALSYS 386 АПА 1655 S378 
JANUS ADA ‘JET SET $9 CALL 
"ED PACK 395 375 
TD' PACK 799 тм 
APL 
APL* PLUS PC 695 199 
APL" PLUS PC TOOLS 295 нн 
РОСКЕТ АРІ. 95 19 
ALLISP 
MULISP-87 [INTERPRETER 300 199 
a e a ышы ee 40 268 
PC SCHEM 95 85 
A NOLOG 
ROLOG INTERPRETER 295 21% 
COMPILER AND INTERPR ETER 650 MP 
STANDARDE PROLOG 95 7% 
COGENT PROLOG COMPILER 200 17% 
СОСЕМ PRO 100 6% 
TURBO PROLOG TOOLBOX 100 6% 
ASSEMBLERS/JLINKERS 
ADVANTAGE DISASSEMBLER 295 
ASMLIB 149 
DMS RESIDENT-ASM W:/SCOUKCE 150 
ОК ASSEMBLER + TOOLS 200 
MS MACRO ASSEMBLER 150 
OPTASM 196 
PASM 86 195 
PLINKASP LUS 495 
VISIBLE COMPUTER 80286 100 
BASIC 
DB: LIB 1 
FINALLY! 
FLASH- UP SPECIAL ЖО 
INSIDE TRACK 65 
MACH TÀ 
MS QUICKBASIC gu 
BASE 6p т” 
QUICKPAK 69 5% 
КИТА. 130 109 
VICK WINDOWS W/SQURCE 99 т 
SCREEN SCULPTOR 125 9% 
STAY.RES 59 55 
TRUE BASIC 100 TP 
TURBO BASIC 100 69 
TURBU BASIC TOOLHOXES 100 6$ 
C COMPILERS 
cu C COMMERCIAL SYSTEM 499 CALL 
HIGH C 595 
LATTICE C 500 — 2$ 
W/SOURCE о 198 
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LIST OURS 
MICROSOFT С 46! Уя 
UICK E SPECIAL 99 #5 
URBG C 100 ы 
CINTERPRETERS 
Č- эв т 
C-TERP FOR TURBO C NEW 139 11? 
INSTANT C 95 27% 
INSTANT C/16M 605 CALL 
RUB-C 120 TH 
RUN PROFESSIONAL і50 155 
C LIBRARIES UTILITIES 
BASIC C 175 119 
BLACKSTAR FUNCTIDAS 125 99 
C ASYNCH MANAGER IH 135 
C: DU SM OUR ADBORD He өл 
C TOOLS PLUS. ө 
C UTILITY LIBRA АКТ 185 1215 
ESSENTIALCOMMUNICATIONS 185 115 
COMMUNICATIONS PLUS Fari] 189 
GREENLEAF C SAMPLER 9% 89 
GREENLEAE COMM LIBRARY 188 12% 
GREENLEAF FUNCTIONS 136 125 
MULTI-C 142 135 
PFORCE 2955 115 
POLYTRON C BEAUTIFIER 49 45 
FOCYTRON C LIBRARY I Fr Th 
PROC жə 319 
RESIDENT C W;/SOURCE laa 148 
TIMESLICER SPECIAL 298 169 
WiSOURCE 1008 — 894 
TURBO C d 129 ю 
WHS LIBRA #9 Т9 
OBUL 
COBOL РИ 395 329 
E-Z PAGE 295 749 
ШЕЛ. dm 
сово м ты 
ОНО TOGOLSET 900 729 
‘CICS 1500 1448 
LEVEL II CORO 449 118 
PERSONAL COBOL 149 i 
OTHERS CALL CALL 
MICROSOFT ОНО. 700 449 
MICROSOFT SORT 195 125 
OFT-TECH SORT 149 108 
REALCICS 995 
REALIA сонш. 99s 


OBJ ECT-ORIENTED 
PROGRAMMING 


ACTOR 
AVANTAGE Cad 


PFORCE ++ 
SMALLTA 


495 


E 


NEW 200 


SMALLTALKIY 100 
EA CR EXT. AC PACK Ер 
S GODIES 61.2. 61,2 ot S APPLIC PACKS 30 


‚ W'REALMENU 


SCREENPLAY 
COMMUNICATIONS 
ASCOM IV 
CARBON COPY PLUS 
CLOSE-UP 
SUPPORT 
CUSTOMER 
LCU-SESSION 12 USER! 
SUPPORT 
APPLICATION 


245 


1% 
NEW 249 
NEW 175 
NEW 125 


LIST DURS 
SIDETALK 120 9 
РТЕІ. 50 45 
DATABASE COMPILERS 
CLIPPER 65 — 1384 
FORCE tit 129 118 
ЕОХНА5Е + Jai m 
DUICKSELVER 599 Че 
R: TURBO 695 CALL 
DBASE-TOOLS 
APPLICATIONS PLUS 499 2709 
DBASE Ili PLUS 695 429 
DBASE AE: me C OR PASCAL 90 &5 
DAPL REPO E тӯ 
DONE TWH THREE эф Bp 
FOX TOOL BOX ?95 265 
GENIFER 395 279 
GENIFER SOLUTIONS 95 79 
HI-SCREEN XL 19 119 
UICK ENTRY 99 89 
R& 150 129 
REPORT PLUS MEL 129 
SEEKIT 100 85 
SILVERCOMM LIBRARY 150 139 
ИН 79 5% 
THE DOCUMENTOR 295 249 
TOM RETTIG S LIBRARY 190 T9 
UL PROGRAMMER 29 239 
DEBUGGERS 
ADVANCED TRACE- 85 175 119 
BREAKOUT 125 ag 
C-SPRITE 175 119 
PERISCOPE | SPECIAL 345 14% 
PERISCOPE Il SPECIAL 174 — 135 


PERISCOPE II-X p ! AP 145 M 
PERISCOPE Пя MHZ ‘AL 995 — 379 
PERISCOPE Hi 10 MHZ SPECIAL 1095 M3 
РЕ1Х 86 PLUS SPECIAL 395 199 
SOFTPROBE ITX 750 — 699 
T-DEBUL PLUS V. 4.0 SPECIAL 45 29 
W/SOURCE NEW 90 79 
DISK; DOS/KE Y BOARD UTILITIES 
ADVANCED NORTON UTILITIES 150 » 
IT 130 11% 
OMMAND PLUS NEW Ү 2.0 % «9 
БАК OPTIMIZER 55 
FANS] CONSOLE 75 69 
FASTBACK 175 129 
FAST FORWARD 70 59 
FETCH 55 +5 
MACE UTILITIES 99 яу 
NORTON COMMANDER 15 55 
NORTON UTILITIES 100 59 
» 5 DELUXE NEW 60 6% 
ISK 145 105 
Q-D05 tl 10 E 
TASK VIEW 80 55 
VFEATURE м) 76 
VFEATURE DELUXE ія 109 
X TREE РЕП NEW 129 75 
EDITORS 
BRIEF 195 CALL 
W/DBRIEF 275 CALL 
CVUE W/SOURCE 250 199 
EDIX 195 16 
EMACS 295 26 
EPSILON 195 14% 
КЕРМЕ Су ға ТУР 
125 m 
Ise 135 oe 
MES Yi БЫ 
MULTL-EDIT NEW 99 ЁЗ 
PC/EDT 250 711 
Pi EDITOR 195 350 
РМАТЕ 195 114 
РЕ. 245 155 
VEDIT PLUS “65 12% 
XTC 99 7t 
EQUATION SOLY ERS 
EUREKA THE SOLVER 167 1 


LIST OURS 


MATHCAD 395 29 
SOLVE IT TH тр 
TKSOLVER PLUS 395 319 
FILE MANAGEMENT 
ATRIEVE 245 185 
345 не 
EPORT OPTION 45 109 
BTRIEV 594 456 
ATRIEVE'N 595 459 
REPORT OPTION :N 35 1% 
СЕТКЕЕ 159 1% 
C TREE 395 315 
R-TREE 293 
с TREE/R- TREE BUNDLE 55) — $19 
D-TREE NEW 395 CALL 
DSC IH 250 16 
ОВС ШУП Wr'SOURCE 500 % 
рес HI PLUS T8 Bos 
ПЕ VISTA OR DE QUERY 195 CALL 
SINGLE USER WAOURCE 495 CALL 
MULTIUSER 495 CALL 
MULTIUSER WSOURCE #40 CALL 
INFORMIX ESQL.C 595 515 
INFORMIX 4 995 8% 
INFORMIX SQL 795 715 
PHACT MANAGER 449 219 
Хх. 599 
FORTRAN COMPILERS 
LAHEY FORTRAN 417 449 
LAHEY FORTRAN Е??І.ЕМ/16 695 025 


LAHEY СЕЕ FORTRAN 77 95 59 
MICRO FORTRAN 450 — 255 
RMIFORTRAN 595 418 


FORTRAN LIBKARIES/UTILITI ES 
pt lt EK OR DOCUMENT'ER ГЫ Hs 


Е ыр [n 
FORTRAN ADDENDA 165 139 
FORTRAN ADDENDUM 95 85 
GRAFMATIC OR PLOTMATIC 135 И 
MAGUS NUME IC AL ANALYST 295 249 
МАТ НРАС 495 445 
PANEL 295 177 
SPINDRIFTLIBRARY SPECIAL 149 129 
SSP: PC 350 — 249 
ТЕХМАК GRAPHICS LIB 194 165 
GRAPHICS 
ADVANTAGE GRAPHICS (C! 79) тр 
DRAW BRIDGE EW 10 1 
ESSENTIAL GRAT'HICS 25 yaa 
GRAPHIC 395 2319 
GSS GRAPHIC DEV. TOOLKIT 195 2% 
HALU 300 72% 
HALO (5 MICROSOFT LANE: у 505 19% 
METAWIN DOW 195 159 
METAWINDOW PLUS 275 oum 
TURBO ІМ 95 18 
TURHG HALO (FOR TURTIO C1 79 79 
LINT 
PC.LINT SPECIAL 139 %5 
PRE-< 285 ін 
MODULA-2 
LUGITECH MODULA 2 

COMPILER КІТ 99 7% 

E LOPMENT SYSTEM 249 199 

OOLKIT 164 119 

REPERTOIRE 99 т 
ПЕ» TOOLBOX NEW 99 83 
STONYBROUGK MOUULA-Z 155 169 

Ww UTILITIES 345 299 
АЕ SYSTEMS 

288 005 MERGE |49 128 


FEATURED PRODUCTS 


1—4 


МОР FORTRAN:-388 — Fast piobally 
compiler for the 80146, Use up to 4 


qu I 
рамна. 


List Special Peles: $448 
BPINDRIFT LIBRARY — Collection of 150 


D, and 


Lem allows sn 
unlimited number of wi ЖА Am to ba Чер on the 
screen, cach having its own color, cursor position 
zulomalic wrap км/от 
Special Price: 8129 
ім 


and and border type. 
Lin: $143 


Bpeelal Price: 3139 
MES RCS — Revision Control 
multiple 


SYSTEM Vi AT 549 446% 


ME PAC KAGE 198 169 
FTWARE DEY PACKAGE гау 2509 
IEXIPREPARATIONPACKAGE 199 169 
ма UNLIMITED LILENSE KIT 48 1i» 
XENIX SYSTEM V (COMPLETE) 1295 998 
DEVELOPMENTSYSTE 695 158 
OPERATING SYSTEM ME. 
TEXT PROCESSING PACKAGE — 195 H 
XENIX FOR PS 50.60.80 CALL CALL 
WENDIM. 
OPERATING SYSTEM TUOLHOX 99 ТИ 
PCYMS 98 13 
PCNX я 18 
WENDIN-DOS 9 т 
WENDIN-DOSAPPLICATION KIT 99 — 79 
PASCAL COMPILERS 
MARSHAL PASCAL 189 185 
MIC OFT PASCAL 3060 18% 
PASCAL 259 CALL 
PROFESSIONAL PASCAL $95 — 545 
TURBO FASCAL 100 L1] 
TURBO PASCAL DEY. LIB. 795 25% 


TURBO PASCAL ADD-ONS че WINDOWS FOR pen EET OUAS LIST OURS 
j о INDOWS FOR C 195 CALL = PC FORTH ESSENTIAL GRAP. 
ARCH TURBO GHOST WRITER WINDOWS FOR DATA Z95 CALL PERSONAL REXX Us » “RESIDENT. Co! nm 24 p 
) NEW 59 as W/SOURCE 590 CALL — РЬ 86 75) 674 W/SOURCE 198 14% 
COMPLI PLETE NEW 289 259 ¥P EXPERT пк as SCREEN STAR 99 gS 
AZATAR DOS TOOLKIT NEW 99 a5 SOURCE CODE MAINTENANCE W/SOURCE 198 10 
DOS/BIOS & MOUSE TOOLS 73 an ADVANTACE MAKE 125 99 ADDITIONAL PRODUCTS 
FLASH-U 8S 7% AUVANTAGE VCMS 379 3228 CROSSREFERENCEGENERATOR 50 348 GREENLEAF 
INSIDE TRACK. roo. 6 5 DAN BRICKLINS HEMO PROG it 135 159 GREENLEAPCOMM LIBRARY — 18$ 125 
' N BRICKLIN'S DEMO РКО |1 155 І г 
MACH? emaa тооз 5 № XENIX/UNIX SOFTWARE DAN BRICKLINS DEMO TUTORIAL 50 15  GREENLEAF DATA WINDOWS 05 1% 
SCIENCE AND ENGIN. TOOLS 75 а iene ee -— "M MKS AWK ъ № GREENLEAE FUNCTIONS T 125 
SCREEN SCULPTOR 126 — 896 B MKS sars NEW 495 469 
SYSTEM BUILDER 150 129 à) 6 MICROSOFT 
ІМРЕХ 104 89 POLYDESK Іш 99 1% MS BASIC COMPILER iXENIX| 6955 449 
REPORT BUILDER 130 115 SAPIENS УВ 30 2698 MSBASICINTERPRETERiXENIX) 350 229 
TDEBUGPLUSV 40 SPECIAL 4$ — 39 SOFTSCHEEN HELP 95 lib MSC COMPILER 450 785 
W/SOURCE NEW % 79 SOURCE PRINT 95 758  — MSCUBOL COMPILER 70  M* 
TURBO ВЕ 50 45 TEXT MANAGEMENT UTILITIES 120 65 FUR XENIX 995 643 
TURBO ADVANTAGE COMPLEX 90 та TREE DIAGRAMMER 77 a SEXCEL NEW 495 323 
TURBO ADVANTAGE DISPLAY т 85 MS FORTRAN 285 
TURBO. ASM 99 85 BLAIS FOR XENIX 095 и" 
TURBO ASYNCH P 129 99 АНН MANAGER (C/PASC AL) 175 133 MSLEARNING DOS 5) 19 
TURBO GEOMETRY | LIBRARY NEW i00 — 8$ C TOOLS PLUSS 0 129 эз АСКО ASSEMBLER а * 
TURBO HALO 99 85 ЕХЕС 95 — 75 MS MOUSE SERIAL OR HUS TET 
TURBO MAGIC 99 № PASCAL TOOLS/TOULS 2 175 135 WMS WINDOWS 200 13% 
TURBO PASCAL TOULHUXES TURBO ASYNCH PLUS юэ № WEASY CAU 115 118% 
DATABASE ju вв 5 13 TURBO C TOOLS 18 998 MSMUMATH 300 185 
CAMEWORKS ioo ép LUGARUMAKE "LETTERE M 
т = 1 } 
NUMERICAL METHODS іш № ТЕ S ECHE 395 1 ORLAND MOUSE PRODUCTS 
m. а x PYCS-NETWORK CALL CALL — DONE УР LOGITECH SERIAL OR BUS MOUSE 
PVCS-PERSONAL 149 1259 W. FTWARE 
TURBO POWER TOOLS PLUS 128 — 99 POLY LIBRARIAN a m" PARADOX | 1 495 
TURBO POWER UTILITIES 95 — TP POLYMAKE 40 1: PARADOX 2 0 725 
TURBO WINDOW/PASCAL. H aa NETWORK YERSION NEW 1000 CALL  SIDEKILK 1 
UNIVERSALGRAPHICSLIBRARY 150 119 SEIDL MAKE UTILITY NEW io ^ 9€ TURBO BASIC COMPILER 100 
УМК GEN NEW 50 1 DATABASE TOOLBOX 100 
SCREENS WINDOWS SURE TOOLS NEW sos 515% EDITOR TGOLBOX 100 
CURSES W/SOURCE CODE 250 169 TURBO C COMPILER 10 6 LOGITECH S SER 51 BUS MOUSE 
GREENLEAF DATA WINDOWS 225 155 TRANSLATORS TURBO PASCAL 100 W Y 
AA RH MAREN Өз м BASTOC 4 UTOR 4 35 | PC MOUSE BUS W/PNT А POPUPS 
Mic iCROSOET WINDOW Е ПВХ TRANSLATOR juo 295 ПАТАРАБЕ ТОСЫН M SUMMAMOUSE 
S WINDOWS DEVELOPMENT KIT 500 119 RTC PLUS 15 119 EDITOR TOOLBOX 100 
PANEL 795 199 GAMEWORKS TüOLBOX Jo 63 MS PASCAL COMPILER 300 — 1% 
PANEL PLUS SPECIAL 495 38% ADDITIONAL LANGUAGES GRAPHIX TOOLBOX 9 54% FOR XENIX 695 ы» 
q | SCRE 5 = 195 175 ИР I ‘COMPILER, 750 629 ESSENTIAL M3 SORT 195 123 
SCREENSTAR W/SOUKRCE 7958 16р RPG I] SEU 250 199 E MS WINDOWS 9 55 
SOFTCODE NEW SPECIAL 129 — 108 RPC ll SORT MERGE 250 10р BREAKOUT DEBUGGER 1228 dà —MSWINDOWS DEVELOPMEMTAIT, $00 119 
VIEW ma „ЇЙ? lO RPG II SCREEN DESIGN АШ 350 109 COMMUNICATIONS PLUS 25) 1% MS WINDOWS SPECIAL 195 123 
VITAMIN SPECIAL 225 149 MASTER FORTH 1259 118 M5 WORD NEW 450 284 
VC SCREEN я T ESSENTIALCOMMUNICATIONS 145 125 Mi We cS VEW 195 129 


Flash-Up 


Flash-Up enhances every program... without writing a single line of code. Just 
use the RAM resident window editor to "draw" menus and help windows into any 
program. Think of Flash-Up as a full keyboard macro utility, a help note annotator 
and a menu maker rolled into one (о Бер you do things that could never be done 
before. Like making smart menus that send key- 

haard macros. Automatically attaching them to THE 


Special Savings 


from Paradise 


8 E | а М в 
TimeSlicei 
Enhance your C programs with TimeSlicer, a multitasking library that gives you 
the ability to create multitasking and real-time programs at the application level 
rather than interfacing with the operating system. New version 5.0 includes 
multiple, user defined critical classes, math coprocessor 


support, terminate and stay resident functionality, im- ff ЖЕРГІЛТ" 
дїй Г 


praved event counters and timers and ability to terminate 


your pragram with "electronic glue" and even SOFTWARE other tasks from the current one. 
adding mouse support to all your programs. БОТЫ List: $295 Special Price: $269 


List: $89 Special Price: $75 


Microsoft Windows/386 


Windows/386 gives you the look and feel of 05/2, by ІВМ and Microsoft — the 
standard for tomorrow. Turns your personal computer into a multitasking, virtual 
machine, where any number of DOS and Microsoft Windows applications can run 
at the same time. Each DOS application runs in its own 640K — even memory 
resident programs. Copying and passing of selected data 

between DOS and Windows application is supported. a 
Features greatly enhanced support for DOS applications, Microsoft 
they can run in a window or use the full screen. 

List: $195 Special Price: $125 


QuickC 


QuickC gives you the features that you need to learn C quickly. It's the hest for 
easy compilation and prototyping, compiling programs at 10,000 lines per minute. 
Features a built-in editor with selectable insert or overtype mode, automatic 
MAKE file creation, context-sensitive help for easy learning and an integrated 
debugger that lets vou set breakpoints, animate through 

your program and add watch variables. QuickC is com- gy в 
Ри source cade and object compatible with Microsoft Microsoft 

5.0. 


List: $99 Special Price: $65 


1-800-445-7899 
Mac а “аы 


914-332-0869 
International Orders: 


914-332-4548 
Telex: 510-601-7602 


braket. 
каш” же Corporate Buyers—Call for 
| discounts and benefis! 


Circle 219 on Reader Service Card 


Pfix86plus 


Pfix S6plus, an easy-to-use, menu driven, multi-windowed symbolic debugger. 
Includes: in-line assembler for temporary patches, temporary and permanent 
breakpoint settings, full speed or trace modes, user-assignable variables, dual- 
monitor support, up to 100 step trace-back, debug log to disk or printer, 


synchronized source file disassembly to disk, configur- . 
able menus, multiple code and data windows, and key- 
stroke macros. 


last: $395 Special Price: $199 


Vitamin С 


Fast, flexible, versatile, reliable. Just some of the reasons why serious program- 
mers use Vitamin C in their most important projects. They know that using 
Vitamin C means lightning fast displays, responsive user interfaces, profession- 
ally crafted C code and a commitment to tech support. Features include: multiple 
bullet-proof overlapping windows, easy single-field of full-screen data entry, 
unlimited data validation, context sensitive help manager, 

menus like Lotus and Мас, programmable keyboard han- 

dler and much more. No royalties and library source 

included free. Optional VCScreen package generates стеа 


List: $225 Special Price: $149 


1% 


А Division of Hudson Technologies, lac. 
42 River Street, Tarrytown, NY 10591 
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What an ALR 386 20M Hz 
looks like at Compaq's price. 


ү" could buy two ALR 386/220 


systems for what Compaq is 
asking for just one DeskPro 
386/20. Тһе ALR 386/220 model 
R66 cost $3990. That's all! That's all 
for the PC performance that is 
now the standard for professional 
applications, industry-wide. But 
don't take our word for it. 


Meet the press. 


PC Magazine lists 
] the ALR 386/220 
8E among "The Best of 
1987" - “ALR has 
come out of 
nowhere over 
the last two 
years to earn а 
place in the sun among important 
PC-compatible makers." 
- PC Magazine - January 12, 1988. 


welt B a. Info World gave 
ЖЕЛГЕН ИТҮ ALR 386/220 a 


II | very high overall 
О, ПЕТ 
/ d „.опе of the 

1 fastest desk-top 

x machines we've 
| tested ...Low price; 
simple design; very fast sequential 
access for hard disk..." 


-Info World - October 5, 1987. 


"High Standards |m МЕЕК 


... he performance is excellent; 
construction quality is very good; 
and ALR backs the machine with a 
] year limited warranty and good 
telephone support..." 

-PC Week - November 10, 1987. 


grade of 8.8 - 


um 


At ALR we believe that even the 
most advanced technology is use- 
less if no one can afford it. So, 
nearly two years ago, when we 


released the first 80386 based PC, 
we made a commitment to high 
performance that the rest of us 
could afford. And we did it with- 
out sacrificing service or technical 


support. 


But that's not all; with any order 
of a 386/220 model R66 placed 
with your authorized ALR dealer 
through June 30, 1988, you will 
receive an additional 1 year 
extended factory warranty at no 
charge. To find the ALR dealer 
nearest you call us at: 


1-800-366-2574 


AWA 


Advanced Logic Research, Inc. 


10 Chrysler, Irvine, CA 92718 
714-581-6770 

FAX: 714-581-9240 

Telex: 5106014525, 

Answer back Advanced Logic 


* As compared to Compag's DeskPro 384/20 model 50 with an additional 1 year extended service agreement. DeskPro із a registered trademark of Compaq Computer Corporebon. 
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Circle 10 on Reader Service Card (DEALERS: 11) 


APPLICATION REVIEW 


Interleaf Publisher 
for the Macintosh II 


As Interleaf moves its publish- 
ing software downstream from 
the engineering workstation 
world of Sun and Apolio into 
the desktop-publishing world of 
the Macintosh II, it becomes 
clear that both worlds have a lot 
to learn from each other. Interleaf Pub- 
lisher is a heavy-duty publishing system 
that includes good and bad features from 
its original workstation implementation 
and the popular Macintosh user interface. 

Interleaf Publisher 3.00 is a complete 
translation of Interleaf's Technical Pub- 
lishing System 3.0. No part of the basic 
system has been left out, but the equation 
editor, an added cost option on the other 
implementations, is not available for the 
Mac II. Interleaf has adapted its product 
from previous multitasking, multiuser, 
virtual-memory-using versions to the sin- 
gle-tasking, single-user, no-virtual- 
memory Macintosh operating system. 
Currently, Interleaf does not work under 
MultiFinder. It costs $2495 and requires 
a Mac II with 5 megabytes of memory 
and at least 14 megabytes of hard disk 
storage. 

To fit it into the Macintosh user inter- 
face, Interleaf has made some modifica- 
tions to its user interface but has retained 
some non-Macintosh ways of doing 
things. Veteran Interleaf users will still 
find the desktop/pop-up menu/window 
system they have used before, but for the 
Macintosh version they will also find a 
pull-down menu bar, windows with a 
close box, scrolling bars, and resizing 
boxes, all controlled from a one-button 
mouse (previous implementations used 
two- or three-button mice). Veteran Mac- 
intosh users will find a desktop that re- 
sembles the Finder desktop in some ways, 
but that requires them to access menus 
and manipulate icons in ways that are 
unique to the Interleaf product. 

The overall result is mixed. On the up 
side, Interleaf Publisher sets new stan- 
dards for many things: editing tools for 
structured documents; production con- 
trol for large publications; integration of 


Paul Kahn 


Combined features from both the 
personai-computer and workstation 


worlds yield mixed results 


text, vector graphics, and image editing 
within one application; and portability of 
document results across multiple imple- 
mentalions on different machines. On the 
down side, when you look at Interleaf 
Publisher next to the current crop of Mac- 
intosh desktop-publishing applications, 
you can see that it has user-interface con- 
ventions that differ radically from other 
Macintosh applications; it is expensive 
both in price and configuration require- 
ments; it is not well suited for publica- 
tions with more than one story per page; 
and it does not provide a high level of ty- 
pographic controls (e.g., no kerning). 


Considerable Features 
Interleaf Publisher's major features set it 
apart from other document preparation 
systems on any machine: 

Document, component, and frame 
property sheets. An Interleaf document 
consists of things that have properties. 
The notion that you could describe the 
formatting of text in terms of property 
sheets first appeared on the Xerox Star. 
The concept has been notably absent 
from the world of Macintosh text process- 
ing until quite recently, when it appeared 
as "style sheets" in Microsoft Word 3.0. 

In Interleaf, a document's page format 
is described in a document property 
sheet. The text is structured in compo- 
nents (e.g., a paragraph, a title, and a 
subhead), and each component has a 
name and a set of component property 
sheets that describe it. Frames that con- 
tain any mixture of text and graphics have 
a frame property sheet. 

Hyphenation control and spelling 
checker. Interleaf uses the same 
Houghton Mifflin hyphenation dictio- 
nary (an 80,000-word dictionary that has 
up to 4000 user-defined words) that is fa- 


miliar to Macintosh users of Al- 
dus PageMaker and Microsoft 
Word. 

Auto-number streams and 
auto-reference marks. Interleaf 
lets you automatically generate 
tokens, called auto-number 
streams, to produce numbers for such 
purposes as outline headinps, paragraph 
numbers, and table or figure captions. 
From this, you can produce auto-refer- 
ence marks that the program automati- 
cally updates as needed. 

index and table of contents. At any 
time, you can mark words or passages to 
be collected in an index, or headings to be 
included in a table of contents; both are 
created after editing rather than inter- 
actively. 

Multiple columns. Interleaf handles 
multiple columns on a document rather 
than a page level. Sophisticated vertical 
balancing controls allow the document 
property sheet to distribute white space 
between letters, words, and components 
to balance out columns on a page. 

Book directory. Interleaf provides а 
special directory, called a book, for 
organizing documents within a single 
publication. Page numbers, auto-number 
streams, auto-references, and even word 
searching and page scrolling for ali docu- 
ments placed in a book directory are 
linked together. 

Graphics frames and micro-docu- 
ments, You can create one or more 
frames in any component. A frame, 
which can contain graphics or text, can 
be as small as a single period or as large 
as the current page. Frames are anchored 
to some point in the component and move 
from page to page as needed. Interleaf 
provides a diagramming editor for creat- 
ing graphics in these frames. 

Text typed into a frame from the key- 
board is organized in ‘‘micro-docu- 
ments." You can cut, copy, paste, or edit 
the micro-documents just like any other 
text. You can resize the rectangle in 
which they appear or break it up into 
continued 
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Е В 
Interleaf Publisher 3.00 


Document preparation and 
managementidesktop-publishing 
software 


Сотрапу 

Interleaf Inc. 

Ten Canal Park 
Cambridge. MA 02141 
(617) 577-9800 


Format 
16 800K-byte 32-inch 
floppy disks 


Hardware Needed 
Mac li with 5 megabytes of RAM and 14 
megabytes of available hard disk space 


Software Needed 
System 4.2; Finder 6.0 or higher (does 
not work under MultiFinder) 


Documentation 

120-page Getting Started; 326-page 
Tutorials; 424-page Reference Manual: 

6 megabytes of on-line пер, tutorials, and 
example documents 


Price 
$2495 (academic discount available) 


Inquiry 900. 


multiple columns like a regular page. 

Diagramming editor. The full-featured 
vector graphics editor provides tools for 
creating lines, circles, ovals, rectangles, 
polygons, and splines. You can fill any 
closed object with a pattern; group, lock, 
or arrange objects in layers; and move, 
size, or rotate objects by moving the 
mouse in relation to the size of the frame 
or by numeric increments. 

Data-driven charts. The system pro- 
vides a range of common chart formats 
(including a bar, pie, or line chart and a 
scatter plot) that you can paste into any 
frame. Data entered into a property sheet 
generates the chart. These charts are well 
suited for business graphics but do not 
support the number of data points needed 
for scientific work. 

Image editing. You can copy and paste 
raster files created by scanners or paint 
programs into graphics frames, which the 
Interleaf image editor can manipulate. 

Portability. АП versions of Interleaf's 
publishing software can save a document 
as a simple ASCII text file. interleaf uses 
a markup scheme for describing both text 
and graphics that looks like a cross be- 
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tween a Pascal program and SGML 
(Standard Generalized Markup Lan- 
guage, a proposed ISO standard for com- 
pletely describing a document). Such 
files are upwardly compatible (i.e., later 
versions of Interleaf can read files saved 
by simpler or oider versions on any ma- 
chine). This means that any group using a 
mixture of Suns, Apollos, VÀXes, ІВМ 
RT PCs, and Мас IIs can run Interleaf 
software and share documents. 

These features have proven to suit ap- 
plications where people produce large 
publications (20 to 200 pages, though the 
software does not limit the size of the 
document) that require some mix of text 
and graphics and benefit from writers and 
editors sharing documents on a network. 
The primary application that fits this de- 
scription is technical publishing: docu- 
mentation and technical reports that are 
long, complex, and include a mix of text 
and graphics on the page. 


Grafting Interleaf onto the Mac II 
Although any innovative Macintosh ap- 
plication will bring some new conven- 
tions that you must learn, Interleaf brings 
to the Mac II implementation some 
workstation-based features that run con- 
trary to what you would normally expect 
to find. 

The Interleaf desktop. Interleaf pub- 
lishing software first appeared on Apollo 
and Sun workstations in 1983, before 
either had a sufficiently powerful win- 
dow environment to support Interleaf s 
software. So Interleaf developed its own 
graphic interface (operated by a three- 
button mouse) as part of the publishing 
program itself. The idea of providing a 
graphic desktop interface to shield the 
user from the command shell made a 
great deal of sense in a Unix environ- 
ment. However, what was a great idea in 
1983 now seems to be a bad habit that the 
company can’t do without. 

To start Interleaf Publisher, you must 
choose a workspace, called a “desktop,” 
where Interleaf keeps all working docu- 
ments. Interleaf can maintain as many of 
these desktops as disk space will allow. 
You can use desktops to separate projects 
or users, but there is no password protec- 
tion (because the Mac is a single-user sys- 
tem), and you can actually get to anyone 
else's desktop by simply opening a series 
of folders from the Macintosh Finder. 

Links. To provide a functional bridge 
between your (Interleaf) desktop and the 
documents on the Macintosh desktop, 
Interieaf lets you create links between 
icons on your desktop and icons else- 
where in the Macintosh file system. The 
icon representing a link simply contains 
the path down which Interleaf expects to 
locate the original document or direc- 


tory. The original document reflects 
changes made to this link copy and vice 
versa. This provides an interesting way to 
distribute the parts of a publication across 
various writers' desktops, while an editor 
maintains linked copies organized in a 
single book directory. 

Special icons. Interleaf also maintains 
its own set of icons. Just as the Finder 
manages icon shape, view, and location 
without making you see all the resources 
it needs to maintain this graphic informa- 
tion, Interleaf similarly shows you its in- 
terpretation of what is actually on a disk. 

When viewed from the Finder, Inter- 
leaf folders are filled with documents 
having names ending in three-character 
dot extensions (e.g., .doc, .boo, and 
.fdr), along with backup and auto-save 
versions with added numerical extensions 
(.doc,1, or .doc,9). Artribute files are 
control files that store icon location and 
window-size information. These files 
have the same name as the document or 
folder but begin with a special prefix 
(e.g., .@report.doc). Obviously, if you 
move or rename these files from the Mac- 
intosh Finder, Interleaf will not find the 
files and will not work properly. 


Jumbled User Interface 

Those who know Interleaf Publisher and 
the Macintosh have been gritting their 
teeth about the mix of user- 
interface conventions that this program 
contains. The designers of Interleaf Pub- 
lisher have added some Macintosh fea- 
tures (a close box, elevator scroll bars, 
and a resizing box, for example) as op- 
tional controls to their “native” window- 
ing system. They have added a minimal 
Macintosh pull-down menu bar at the top 
of the screen to provide access to desk ac- 
cessories from the Apple menu, and they 
have adapted their software to work with 
a one-button mouse. But they also expect 
you to adapt to all the other non-Macin- 
tosh things that the program does. 

Interleaf Publisher relies on pop-up, 
rather than pull-down, menus. The Inter- 
leaf pop-up menu is context- and state- 
sensitive so that different menus appear 
depending on what you select and on the 
cursor position. The menus can have 
slide-off extensions (secondary menu 
choices that appear to the right of a menu 
item), a feature appearing in some new 
Macintosh applications. Once you get the 
hang of using pop-up menus and slide-off 
extensions, you can see all your choices 
more easily and avoid many dialog boxes 
(for making secondary choices) that 
would otherwise be necessary. 

Interleaf is very awkward to use with a 
one-button mouse. The Sun workstation, 
where Interleaf was born, has a three- 

continued 
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button mouse. The left button selects, the 
middle button pops up the menu, and the 
right button extends the selection. On the 
Macintosh version, you click the mouse 
to select, command-click to pop the 
menu, and shift-click to extend the selec- 
Поп. You use pop-up menus for every- 
thing, so the hand not on the mouse more 
or less devotes itself to the command key, 
which makes the program more awkward 
to use on the Mac II than on any other 
workstation. 

While Interleaf did not choose the one- 
button mouse, it did choose to retain 
other features of its user interface that 
could have been left behind. The com- 
pany could have chosen to do something 
about a few of these differences. 

On the Macintosh desktop, you can 
select an object by pointing and clicking, 
then you can manipulate it by dragging it 
with the mouse or by pulling a command 
down from a menu bar. On the Interleaf 
desktop, you still must select an icon by 
clicking on it, but before you can manipu- 
late it, you must choose an action (e.g., 
move, cut, copy, or open) from a pop-up 
menu. 

The ability to interchange data among 
Macintosh applications is based on their 
shared use of the Macintosh Clipboard. 
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interleaf has its own clipboard, of incom- 
patible format, that serves the function of 
both the Macintosh Clipboard and Trash- 
can, without the simple elegance of 
either. When you cut or copy an icon (a 
whole document) in Interleaf, it stays on 
the clipboard until you select and paste it 
somewhere else, or until you delete it. 
The clipboard can also contain a maxi- 
mum of one text selection and one graph- 
ics selection from each document. Past- 
ing actually moves the text or graphics 
ош of the clipboard into a document. 
This means that to copy an item several 
times, you must copy, paste, and recopy 
и. Any number of pieces of text, graph- 
ics, or documents can be on this clip- 
board. To paste anything but the most re- 
cent item, you must open the clipboard, 
select the desired item, and then do the 
paste operation. 

Interleaf handles the replacement of 
highlighted text differently from other 
Macintosh applications: You must explicit- 
ly cut or delete highlighted text, whereas if 
you type from the keyboard, you will add 
new text to the old text instead of replace it. 


Fonts and Formats 
With regard to fonts and formats, histori- 
ca] precedents are, again, very influen- 
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tial. Interleaf continues to use its own 
hand-tuned screen fonts, which take up 
over 6 megabytes of hard disk storage. 
The product supplies 9 of the 11 Adobe 
PostScript fonts used on Apple's Laser- 
Writer Plus—all but Adobe Symbol and 
Zapf Dingbats (it provides its own math 
and Greek symbols fonts, which contain 
similar characters). It also supplies its 
own screen bit maps for 13 major sizes, 
from 6 to 72 points. Those are the only 
sizes available for use—it cannot generate 
intermediate point sizes or use any other 
PostScript fonts downloaded into the 
Laser Writer. 

Interleaf' 5 implementation of the nine 
Adobe fonts does not include support for 
the Macintosh keyboard layout or for the 
entire character set, however. Al] the 
European accented vowels and dead-key 
support for accents are gone (a feature 
that has been available since the original 
128K-byte Macintosh). 

АП this special font handling maintains 
Interleaf’s speed and compatibility with 
versions on other machines. Іп general, 
the screen fonts are clearer than their 
scaled approximations as displayed by 
many other Macintosh applications—ex- 
cept when used to display 6-, 8-, and 
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9-point fonts, which are innately hard to 
read. Unfortunately, in contrast to some 
other desktop-publishing packages, the 
program has no zoom option to help ease 
the precise placement of small text char- 
acters (but it does allow zooming in 
graphics frames). 

Interleaf Publisher can read five file 
formats: bit-mapped images saved in 
MacPaint or TIFF (Tag Image File For- 
mat) files, vector graphics saved as PICT 
files, graphics saved in EPSF (encapsu- 
lated PostScript format) files, text saved 
in Microsofts RTF (rich text format) 
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uses to export drawings to other desktop- 
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XPress, you'll find mixed results: In 
some cases, Interleaf does bring some 
new capabilities to the Macintosh world, 
but it also falls short of doing many of the 
things these smaller, less expensive pro- 
grams do well. 

Interleaf does provide a unified ap- 
plication for creating, editing, and 
paginating a rich mixture of text and 
graphics. The Interleaf text editor is full- 
functioned and fast, as good for writing 
as it is for complex formatting. This is in 
contrast to the modular approach taken 
by PageMaker or XPress, where the sys- 
tem assumes that other programs will edit 
and revise text and graphics. 

But in page layout, Interleaf is more 
like a word processor than a desktop-pub- 
lishing program. It basically understands 
one story per document. It does not pro- 
vide good tools for mixing several stories 
across multiple pages, nor does it provide 
for complex page layout and the fluid 
combination of text and graphics, things 
that both PageMaker and XPress do eas- 
ily. The drawing editor doesn't provide a 
ruler, a basic tool in any Macintosh 
graphics application. It is not as simple to 
use as MacDraw, nor as sophisticated as 
Adobe Illustrator. 

While Interleaf produces good-looking 
documents, it does not provide the kind 
of typographic controls found in other 
desktop-publishing applications. There is 
no kerning or other controls for tighten- 
ing or loosening intercharacter spacing. 
For flexible and full typographic sup- 
port, PageMaker and XPress win hands 
down. 

By the previous standard of the Macin- 
tosh world, the configuration require- 
ments and cost of Interleaf Publisher for 
the Mac П are both expensive. The pro- 
gram needs 5 times the memory and 10 
times the hard disk space of any of the 
competition; it costs several times as 
much, and it really needs a full-page 
monitor since it cannot scale a page to fit 
a small screen. However, it is by far the 
least expensive version of the full Inter- 
leaf product ever offered, and that's not 
bad. Interleaf has shown a remarkable 
ability to improve its product. I hope that 
future Macintosh versions will include 
full support for Macintosh fonts and clos- 
er adherence to the Macintosh interface. 
Meanwhile, for creating long, single- 
story documents, Interleaf Publisher for 
the Mac II is tough to beat. Ш 


Paul Kahn із the project coordinator for 
the Institute for Research in Information 
and Scholarship at Brown University, 
Providence, Rhode Island. He has used 
the Sun and IBM RT PC implementations 
of the Interleaf Technical Publishing Sys- 
tem for over 2 years. 


95% of the Top U.S. Companies | 


Solve Their Complex 
Numeric Problems with APL 


... Shouldnt You? 


In businesses where 
complex numeric problems 
are a daily challenge, 
professionals from all 
walks of life rely on the 
APL* PLUS* System. 


The APL* PLUS 
System 


By 
Р 
g 


wide range of machines and 
operating environments. 


Why not give yourself the 
Thousands of professionalsina analytical edge, for only 


wide range of fields — invest- 


$695* Call 800-592-0050 and | Ё 


APL is indispensable in devel- 
oping mathematical models for 
pricing financial securities such 
as options, futures, and bonds. 
Complex mathematical algo- 
rithms are programmed quickly 
and concisely. And, empirical 
research is facilitated by APL’ 
unmatched capabilities in 
manipulating and analyzing 
arrays of data. 


Mark Schroder 
Option Research Specialist 
Prudential Bache 


When you need ro consider 
three classes of service, numer- 
ous fare types, and multiple 
connections, fare pricing anal- 
ysis without APL is a Herculean 
task. APL’ ability to manipu- 
late tables of data with a single 
command enables us to explore 
a wider range of scenarios as 
fast as we can think of them. 


Menere | Mike Fisher 
ТЕЙ | Manager, Systems 
ar! ; Development 


Pan Атегїсап World Airways 


ment research, insurance, cor- 
porate finance, engineering, 
and science — find the 

APL* PLUS System the per- 
feci software for complex prob- 
lem solving. That's because its 
natural mathematical orienta- 
tion and conciseness of code 
provide the ideal environment 
for model building, array han- 
dling, system prototyping, and 
matrix manipulation. And for 
your connectivity needs, the 
APL PLUS System runs on a 


A PLUS х WARE? PRODUCT 


we'll show you how to put 
the APL* PLUS System to 
work in vour specific 
application. 


STSC 


STSC, Inc. 

2115 East Jefferson Street 
Rockville, Maryland 20852 
800-592-0050 

301-984-5123 in Maryland or 
Canada 

Telex 898085 


Each quarter we consolidate 4 D 
and analyze historical data, 
current data, and forecasts 
from over 800 entities within 
GE and then quickly compile it 
info a comprehensive series of 
reports, With APL we get it 


The APLw PLUS System is available for the mainframe. ІВМ РС und compatibles. 
Macintosh. and machines running UNIX and VAX/VMS. The АР Ж PLUS Sysiem may 
be purchased through dealers and distributors worldwide. 


APL» PLUS and PLUS А WARE are registered trademarks of STSC, Inc. UNIX, 
Macintosh. and ІВМ аге registered trademarks of AT&T Bell Laboratories. Apple 
Computer, and International Business Machines Corporation, respectively. 

‘Top companies according to the April 17, 1987 issue of Business Week 


"0.5. suggested retail for DOS version. [nternntional prices slightly lrigher. 
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done in a third of the time it 
would take us using other 
methods. 


Егіс Baelen | 

Manager, Business Systems | 
Development 

General Electric Company 


sss Keeps you going full steam ahead when other 
debuggers let you down! With four models to pick 
from, you'll find a Periscope that has just іле 


power you need. 


Start with the model that fits your current needs. If you ! 
need more horsepower, upgrade for the difference in Бике e 
price plus $10! —E 

When you move to another Periscope model, don't 
worry about having a lot to learn... Even when you move 
to the most powerful model, Periscope 111, an extra dozen 
commands are all that's involved. 

A Periscope ] user who recently began using 
Periscope III writes, ''/ like tbe 
fact that within the first balf 
bour of use Г was debugging ту 
program instead of learning to 
use the debugger.” 


Бетасорс өсі 
8 200+ page 
"n ты | 


Periscope's software is solid, comprehensive, and 
flexible. 1: helps you debug just about any kind of program you can 
write... thoroughly and efficiently. 

Periscopes the answer for debugging device-drivers, memory-resident, non-DOS, 
and interrupt-driven programs. Periscope works with any language, and provides 
source and/or symbol support for programs written in high-level languages and 
assembler. 


Ш Periscope's hardware adds the power to solve the 
really tough debugging problems. The break-out switch lets 
vou break into the system any time. You can track down a bug 

instantly, or just check what's going on, without having to 
reboot or power down and back up. That's really useful when 
vour system hangs! The switch is included with Periscope I, 
Periscope II, and Periscope III. 

Periscope | has a board with 56K of write-protected RAM. 
The Periscope software resides 
in this memory, safe from run- ein 
away programs. DOS memory, 
where debugger software 
would normally reside, is 
thus freed up for your program. 

Periscope 111 has a board with 64K of 
write-protected RAM, which performs the 
same function as the Periscope 1 protected 
memory. AND... 

The Periscope ІП board adds another powerful dimension to your 
debugging. 115 hardware breakpoints and real-time trace buffer let vou track down 

| ай bugs that а software- 

oriented debugger would 
take too long to find, or 
can't find at all! 
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"] like the clean, solid design and the crash 
E Periscope I user 


"| like the ability to break out of (2) locked 
up system! Periscope H user 


“Į am very impressed with Periscope 1-Х 
it has become my 'heavy ашу debugger 
of choice, especially if | need to work on a 
memory resident utility or a device driver" 


Periscope П-Х user 


Periscope III is the perfect answer to 
the debugging needs of anyone involved in 
real-time programming for the РС . The 
real time trace feature has saved me many 
hours of heartache already" 


Periscope III user 


Periscope 1 includes a half-length 

board with 56K of write-protected RAM, 
break-out switch; software and manual for 
$445 


| Periscope И includes break-out switch; 
software and manual for $175 


| Periscope 11-Х includes software and 
manual (no hardware) for $145 


| Periscope ІП includes a full-length 
board with 64K of wnte-protected RAM, 
hardware breakpoints and real-time trace 
buffer, break-out switch; software and 
manual. Periscope Ш for machines run- 
ning up to 8 MHz ts $995; for machines 
ы; up to 10 MHz, $1095. 


Ta QU E P 


MENTS: ІВМ PC, XT, АТ, or close 
ета (Periscope Ш requires hardware 
as well as software compatibility); DOS 2.0 or 
later; 64K available memory, опе disk drive; 
an 80-соіштіп monitor 

Call us with your questions Well be happy 
to send you free information or help vou 
decide on the model that best firs vour 
needs, 


Order Your Periscope, 
Toll-Free, Today! 
800-722-7006 


MAJOR CREDIT CARDS ACCEPTED 


The 


PERISCOPE 


Company, Inc. 


1197 PEACHTREE ST. 
PLAZA LEVEL 
ATLANTA, GA 30361 
404/875-8080 
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REVIEW UPDATE 


Datavue's Snap Gets a Hard Disk 
When Alex Lane reviewed the Datavue 
Snap 1 +1 (February BYTE), he came to 
the conclusion that the machine was 
based on good ideas that were poorly exe- 
cuted. After spending some time working 
with the new hard disk version of the 
Snap 1+1, I'm amazed at what a hard 
disk drive can do for the perceived value 
of a computer. 

In addition to the 20-megabyte hard 
disk drive, there's a 9.54-MHz У20 pro- 
cessor, a very readable fluorescent back- 
lit LCD screen, a keyboard with superb 
tactile response, and a 720K-byte 3%- 
inch floppy disk drive. All told, it's a 
package that has considerably more po- 
tential than its dual-floppy disk drive rel- 
ative, Spark. 

Unfortunately, adding a hard disk 
drive does not eliminate all the problems 
with the basic Snap 1 + 1 design. The sys- 
tem has an internal nickel-cadmium bat- 
tery that promises to allow operation free 
from the restraint of an AC power cord. 1 
like the freedom of computing without 
being plugged in, so I eagerly charged the 
battery, unplugged the cord, and flipped 
on the power. Nothing happened. 

I looked in the manual, and, sure 
enough, the battery will not power the 
unit with the hard disk drive installed. I 
disabled the hard disk drive through the 
power-on setup program, but the ma- 
chine still refused to work from the bat- 
tery. If you get the hard disk drive, the 
battery becomes just so much dead 
weight. Of course, you can ditch the extra 
weight by “snapping” the machine into 
two parts and using the front half as a 
RAM disk-based laptop, but then you 
give up the hard disk drive, too. 

If you're looking for a very portable 
computer with a hard disk drive, the Snap 
1+1 ($3695) stacks up pretty well 
against the competition. It's about the 
same size as the NEC MultiSpeed HD 
and the Zenith Z-183: 1316 by 12% by 
3% inches. Running at 9.54 MHz, it's 
faster than the Z-183 in both processing 
and disk access benchmarks, and it’s 


slower than the MultiSpeed in process- 
ing. For example, BYTE's BASIC File 
Write benchmark took 15 seconds on the 
Snap 1+1 versus 43 seconds on the Z- 
183. The Sieve benchmark took 138 sec- 
onds on the Z-183, 90 seconds on the 
Snap 1+1, and 68 seconds on the 
MultiSpeed. 

I still think that the Snap 1+1 falls 
short of the potential of its design. In 
spite of that, adding a hard disk drive 
brings the machine into the middle of a 
pack of computers offering fully func- 
tional computing on the go. 

—Curt Franklin 


GCC Beefs Up Its 
Мас Laser Printer Line 
In his review of General Computer 
Corp.'s Personal Laserprinter (PLP) for 
the Macintosh (January BYTE), Donald 
Evan Crabb commended the printer for 
its affordable price but faulted it on sever- 
al points: its slow speed, its lack of Ap- 
pleTalk support, and its lack of Post- 
Script support. The company has since 
taken steps to address all these gripes. 

А new version (2,0) of the software, 
GCC says, offers up to 50 percent faster 
performance and better compatibility 


And Miscellany... 

. . . Claiming that it’s the first com- 
pany to do so, Zenith has started ship- 
ping its version of Microsoft OS/2 for 
the Zenith Z-386 (March BYTE). The 
company has also bumped the stan- 
dard 1 megabyte of 32-bit RAM in the 
system to 2 megabytes to provide 
plenty of memory for OS/2. The sys- 
tem with the extra RAM will sell for 
the same price as the original ma- 
chine. Zenith’s MS OS/2 sells for 
$299. 

. » › Compag is second out of the gate 
with OS/2. Compaq's MS OS/2 Stan- 
dard Version 1.0 for the Deskpro 286 
and 386 lines sells for $325. 

. . . Our February review of WORM 


with Macintosh applications. Also new is 
PLP Share, a $499 network adapter 
slated to ship this month. The adapter 
connects to AppleTalk and the PLP, let- 
ting multiple users access the printer. 
GCC also dropped the price of the Per- 
sonal Laserprinter from $2599 to $1999, 
which means that you can get the printer- 
network combo for less than $2500—a 
very competitive price. 

If you really want PostScript support 
for the printer, you can get that, too. The 
compeny now sells an upgrade board, 
priced at $1999, that authorized dealers 
can install in the PLP. This board gives 
the PLP all the features of the company's 
new printer, the Business Personal Laser- 
printer Plus. Besides PostScript, the 
Business Personal Laserprinter Plus has a 
12.5-MHz 68000 processor, 2 megabytes 
of RAM (expandable to 3 megabytes), an 
AppleTalk interface, and serial and par- 
alle] ports for connecting IBM PC com- 
patibles. The printer's font library in- 
cludes the 35 resident fonts іп Apple's 
standard LaserWriter Plus. At this writ- 
ing, the Business Personal Laserprinter 
Plus was scheduled to ship in March for 
53999. 

—Cathryn Baskin 


drives by Wayne Rash Jr. included 
Optotech's 5984 drive and Maximum 
Storage's APX-3200. Maximum Stor- 
age tells us that it—not Information 
Storage Inc.—designs and manufac- 
tures the APX-3200 drives. Also, Op- 
totech informs us that in February it 
released a single-board controller for 
the 5984 drive that avoids the prob- 
lems caused by the bulkiness of the 
drive's former dual-board controller. 
The company says that the new con- 
troller improves performance by 50 
percent, and new software accom- 
panying the controller can now make 
use of Expanded Memory Specifica- 
tion memory. 
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, О WAIT STATE { | M Hz Fi 

|  PULSE-286 | EN © WAIT STATE | 
NORTON 5] 1 ШЕШ NORTON SI 
15.4 V(3.0) | Ш 11.5 V(53.0) 
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a 80286 10МН: Zero Wait State /0 8/10 Keyboard Switch 

® 12" Monochrome Monitor (8001350) /* Hercules Camparibie 132 
Column Viico Card /9 Wait State insertable Slots 

* 12MHz Throughput /@ 2 Serials, 1 Parallel Port Built In 

е Norton SEV( 3.0) 11.5 /e Plus Basic System Features /? Made in USA. 


10MHz EGA System $1895 


ром тие => ү иль Д 
| е Kcyboard Selectable Hetween 8/12 and 2сто/1 Walt State 
a Plus Basic System Features / Made in USA. 


12MHz EGA System $2065 


Basic System Features: 286 System Options 

е B0286 16-bit СРІ//6 512K Motherboard Expandable to 1MB 20MB 65ms Half Height $280 80287-8 $235 

в Clock Calendar with Banery Васкыр/е 195 Watt Power Supply 30MB 39ms Pull Height $500 B0287-10 $310 
220/110V (UL, CSA)/* Fully Compatible AMI BIOS (Written in USA) 44MB 2Bms Pull Height $575 Optical Mouse $99 

® 200 Page Documentation and User's Guide/* Limited One Year Warranty 72MB 23ms Full Height $920 Mechanical Mousc $69 

a Optional Add Ons: 360KB Floppy Drives/ Enhanced Keyboard/ 720KB 71MB 28ms Full Height $870 14" Flatscreen Evervision 
Floppy Drives 31/2" 130MB 18ms Pull Height — $1800 Mono Monitor CALL 

В NEC Multisync CALL 

(EDER БҮ МАП, Check шэй Moncy Order. Calilrmis mhi 7%. Sales Тан — 3$ 

CORDER mr PHONE. COD, Сжінет Сімті. VISA ( VO. American Eggers (ЕУ. оғ Approved Company f О) "к. T E 

dose cal eder. di n ass ph e ісер елекке tora МЕС Нетспісь Berrvisie 05/2 (6/1 Жетік. Unir Dune ПИФ Loto латии Бизе Symphony FU 

пша be sni shipping {түл by customer. The Emitter! warranty із ! усы 00 parts and 6 monate on шіл іште Compan acil Premin 286 кес tradernarko оғ rcgiserred cradomarie ай their respecriec cimp 
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And now, the most powerful line up of machines from 
the leading manufacturing, design and engineering 
company in America..... 


lniroduciog the 17MHz Pulse 


ПОНИ: is ready for OS/2™ апа 05/37” 

Б TIN run Xenix, Unix, DBase Ш + , Тош 
FEBRERO" Symphony and a host of m the popula 
ы think of. 


~at 286 Ма 


e @ 
Jav гъл? ole 
. 11| Ұ РЕ Роли - в. % т әспіпе 


E3 


ШШ 


кшш | сары [remm 


| 0286-10 | 80296-12 | 80286-12 | 80286-10 


ns o i À 
Corporate Buyer call for Corporate Desk ЕЕ жеъе ааа, Кака 
University Р.О. are welcome American Technologies, Inc. 


‘Laer Lan сатысы Tech Suport 35401 W. Warren Ave, Fremont, CA 94539 
| B | 1 (415) 683-6580 FAX (415) 490-2687 (24 hrs.) 
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...the Same Things. 
You Read! 


Features: 


— High recognition accuracy 

_ Fast, сасу training 

— Up to five fonts per page 

_ Handles ligatures and kerned type 


Flagstaff Engineering's 
optical character recognition 


software reads almost any printed or . Foreign language character sets 
typewritten text. Spelling and context checking 
SPOT,* our trainable OCR program, allows On-line co 


you to compile information from books, magazines, . Affordable 

typewritten records, genealogical data, directories, Flagstaff Engineering leads the ` dustry in desk- 

catalogs, and public documents, including foreign- top conversion systems for 9-track tape and 8-inch 

language material. The data captured by SPOT can be diskette data files. We have already supplied thousands 

used by database, word processing, desktop publishing of customers worldwide with our OCR systems. Call 

and typesetting applications. for the best prices on Panasonic, Hewlett-Packard, and 
SPOT's flexible output options allow you to preserve Canon scanners. Dealer and volume discounts are 

the original page format, including columns and margins. available. 

Reformatting options include the choice of DCA or Flagstaff Engineering can modify the software code 

ASCII output files, with options to generate single- to meet your custom applications. For detalls, call us 

column output from multiple-column text. at (602)779-334] . 


*Syntactic Pattern Optical Translator 
"JOIN" FLAGENG for vendor support on BIXI 


| FLAGSTAFF | 1120 Kaibab Lane » Flagstaff, AZ 86001 
ENGINEERING (602)779-3341 » Telex 705609 » FAX (602)779-5998 
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COMPUTING AT CHAOS MANOR 


Memories, Memories 


Jerry Pournelle 


This column is late, mostly be- 
cause there's so much good 
stuff here that I don't know 
where to begin. Every time I sit 
down to work, something new 
comes that I just have to play 
with. This has happened be- 
fore, but I don't think things have ever 
been this bad; only of course I don't 
really mean "bad," since Га be in a 
much worse pickle if I had nothing to 
write about. 

The upshot, though, is that some items 
are going to get fairly short shrift even 
though they deserve better. 


Fastback Plus 

I became a Fastback fan one day at an 
Atlanta COMDEX when I saw one of its 
developers back up a hard disk, put a sta- 
ple through one of the floppies, remove 
the staple, and restore the files. That was 
impressive. 

['ve been using Fastback ever since, 
and while I've heard rumors of problems 
with very long files, I've got some very 
long files indeed and have never had the 
smallest difficulty. Fastback is fast and 
reliable; and because it's so fast, it gets 
used, something [ can't say for a lot of 
other backup programs. 

Well, Fifth Generation went and im- 
proved it with Fastback Plus. Га com- 
plained about the documents. They not 
only fixed them, they put in help files that 
make the documents nearly superfluous. 
They added data compression to save disk 
space. They added a utility that estimates 
how many floppies the job will take—it 
always overestimates for me—and how 
long it will take (generally an underesti- 
mate, but I'm slow and careful about not 
putting in a new disk until I have labeled 
the one I took out). 

I'm about to change over from the Kay- 
pro 386 to a new Zenith Z-386, so this 
afternoon I copied 38 megabytes of data 
from the Kaypro; it took 28 minutes. [t 
required 27 high-density floppies to ac- 
complish the job; and beyond reading the 
section on installation (Fastback Plus 


New ways to speed up, 


clean up, beef up, and back up 


all kinds of memory 


isn't copy-protected, but Fifth Genera- 
tion likes to handle things with their in- 
stall batch file), I never opened the man- 
ual until the job was done. I then took those 
files and put them into the Z-386 in consid- 
erably less time than it took to copy them. 

Fastback Plus is a genuine improve- 
ment (in ease of use and user options) 
over the old Fastback. It will also read 
backup disks made with older versions, 
using an option that is called Old Restore 
Program. 

If you have a hard disk drive, you need 
this program. Highly recommended. 


The Golden Bow 

If I ever run out of things to write about, I 
can rate my Christmas presents. (After 
all, one of my colleagues used to rate the 
parties at COMDEX.) I won't do that 
here, but I should mention that Golden 
Bow sent me a very nice gift: two coffee 
mugs of a shape [ like a lot (straight sides, 
large handle, and fairly thin china), both 
marked in gold with the Golden Bow logo 
plus my name on one and Roberta's on 
the other. 

Packed in the box was a pound of 
Jamaica Blue Mountain coffee beans, and 
each mug had liqueur-filled chocolates in 
it. Since I'm not about to send those mugs 
back—and I've already consumed the co- 
mestibles—I figure I better warn you I've 
been bribed. 

When you use Fastback Plus to back up 
your files, the program shows you which 
directory it's working on and flashes the 
filenames as it copies them; it goes al- 
most too fast to read them, but if you're 
like me you'll see all kinds of stuff you 
didn't really want to keep. So, one invari- 
able result of a backup is that I invoke PC 
Sweep and roam about erasing files I no 
longer want. 


PC Sweep 15 a shareware pro- 
gram available from Sandi and 
Shane Strump (P.O. Box 
13719, College Station, TX 
77841) for $30. Commercial 
versions are also available, but 
the original PC Sweep is at least 
as good as any of those. You can also get 
a COpy, registration paid, from Workman 
and Associates. 

Once you've erased a bunch of files, 
you'll have empty spaces scattered all 
over your hard disk. That fragmentation 
can slow things down, from a little to 
quite a lot (I’ve noticed up to a 25 percent 
increase in the time и takes to copy a 
large file). The remedy for that is Golden 
Bow's Vopt, which repacks the disk by 
moving the files into compact and contin- 
uous blocks. There's a new version that 
shows, in animation, just what it's doing; 
very pretty, very fast, and quite effective. 

I've been using Vopt for nearly a year 
now, and I've never had the slightest 
problem with it. In fact, it was Vopt that 
told me Га somehow managed to get one 
of those horrible unmovable Prolock 
copy-protected programs onto my hard 
disk; I think one of the kids put in a game 
when I wasn't here. I got rid of it, of 
course. But if it weren't for Vopt, I 
wouldn't have known it was there. 

Most books will tell you that disk 
read/write operations are often the limit- 
ing factor in systems operations through- 
put, which is a fancy way of saying that 
most disk systems are too slow, This is 
especially true if you have only floppies. 

Repacking the disk with Vopt will 
help, but the best remedy for slow disk 
operations is a caching system: a way to 
put and keep the frequently used disk 
stuff into memory, Golden Bow's Vcache 
does that quite nicely, The neat part is 
that it can make use of either the Lotus/ 
Intel/Microsoft Expanded Memory 
Specification (LIM/EMS) or the ex- 
tended memory that works on the TBM 
PC AT and compatibles. [t has been my 
experience that extended memory isn't 

continued 
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very useful except as a теайв tp heat your 
house; but used with Ұсасһе, it can speed 
up some operations (ones that have to go 
to the disk a lot) something wonderful. 

There are limits to what cache systems 
can do, and if you have a hard disk and 
use DESQview, they can be More trouble 
than they're worth; but if you use flop- 
pies, you need it bad. If you've got an 
IBM PC or XT that has ah anded- 
memory board (like an AST page), 
or ап АТ with extended memory, and 
don't use DESQview, caching it a simple 
and effective way to make things go 
faster. Note too that some copy-protec- 
tion schemes require you to use floppy 
disks; caching can help there, 098. 

Golden Bow’s final product, Vfeature 
Deluxe, competes with SpeedStor, which 
I've written about in previous €olumts. 
Vfeature Deluxe lets you partition your 
hard disk so that instead of chopping It up 
into several “logical drives” of 32 mega- 
bytes or less, you get one humongous 
drive of 80, 100, or 300 megatytes—or 
whatever you have. You can alse use 
Vfeature Deluxe to partition the hard disk 
into smaller chunks and write-protect any 
one. You can also password-protect se- 
lected volumes. 

We got SpeedStor early on, and on the 


“it ain't broke" theory, I haven't tried 
Vfeature Deluxe. I make no doubt that it 
works. 

In fact, though, I’ve little desire to have 
an enormous hard disk partition. Partly 
that’s superstition, I guess, but there’s 
this as well: if you have a partition larger 
than 32 megabytes, you must boot up the 
system either from the hard disk or from 
a specially ginned-up working boot 
floppy; if you use the original DOS disk 
to boot up, you can lose some of the data 
on the hard disk. 

Гуе more than once had some kind of 
problem that required me to boot up with 
the original DOS disk; and since that usu- 
ally happens when we're desperately try- 
ing to meet deadlines—and I have a lousy 
memory as well—I'm a bit afraid to add 
that kind of complication. You probably 
don't have that kind of problem. 

I've lust been told that Priam is send- 
ing me one of their 330-megabyte internal 
hard disks, When it comes, I'll use Vfea- 
ture Deluxe to manage it. More on that 
another time. Meanwhile, Golden Bow 
makes good stuff. 


Memories 
Га guess from my mail that more people 
are confused about extended and ex- 


panded memory than anything else in the 
microcomputer world. I know I am: 
every time I write on the subject, I get à 
flood of mail telling me I got it wrong 
again. 

This time for sure. 

I got interested in this when the Z-386 
arrived. It came with a 70-megabyte hard 
disk drive, a Z-449 card to drive the Ze- 
nith Flat Technology Monitor (FTM), 
and 640K bytes of memory on the 
motherboard. The Z-386 is, hands down, 
the fastest machine I have; my bench- 
marks put it as just faster than the 16- 
MHz Compaq Deskpro 386. 

Pure speed isn't everything; in fact, 
it’s not even the main thing. Neither is 
disk size. What I want is speed in chang- 
ing from one program to another. Here's 
an example. Just now the phone rang, and 
it was Microsoft inviting me to a confer- 
ence about OS/2. I needed to get at my 
calendar and my notebook, then send a 
message to my assistant, all without 
dumping this article, which I'm writing 
with Q&A Write, In theory, I can do that 
with SideKick, DeskLink, and a few 
other terminate-and-stay-resident (TSR 
or memory-resident) programs, but in 
fact the TSRs eat up so much memory 

continued 
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THE PROGRAMMERS SHOP 


helps save time, money, and cut frustrations. Compare, evaluate, and find products. 


FREE Catalogs and Guarantee 


Whether you're searching for an айылы pruduci no 
unc честь Lo know abd, or you just want to Касли 
which of 5 competitur makes the most well-regarded 
pruduct, ovr сор make finding xoftwane easier 

- Comprehensive Product Posting, filled with 
ever | OOO products, 
Pupulur Programmer ~ Tals. containing the 
most-Fequesied Із (over МИН alk from 
each category 

- Diese Programmer's Calalog wih over 60 

developasent tuuh 

We'll alec help yuu select products with free advice or 

| Remua Plus full guarantee on any recommended 
prodit Menon “RY 4x8 * 


Cul! to request a calasog or information today, 


* Iniernational Sales Пе 

* Compare Produris 

* Helpfind a Publisher 

» Fialuation Literature FREF 
* Programmers U pdaie 


* National Accounts Center 


| ВЕСЕМТ DISCOVERY | 


Automated Programmer by KGK - Math 
notation and technical English input 
produces FORTRAN cade. Link to 
libraries. output in ‘IMAGE’ format, 


structured reports, pictures РС $949 


C Language-Compilers 


AZTEC C86 - Cammercial РС $499 
C86 PLUS - by С! М8 $359 
Datalight Optimum - C MS $ 99 
High C Optimizing Compiler PC Call 
Instant-C/ 16M PC Call 


Lattice C - from Lattice MS $259 


Microsoft C 5.0 - Codeview Special* 
Microsoft Quick C Special* 
Turbo C by Borland PC $ 67 


C-Screens, Windows, Graphics 


C-Worthy Interface Library PC $249 
Curses by Aspen Scientific PC $109 
dBASE Graphies for C PC $ 69 


ESSENTIAL GRAPHICS - fast PC $185 

Font WINDOW/PLUS PC $229 
Graphi - new color version PC 
Greenleaf Data Windows PC 

wisource PC $259 
Terminal Mapping System PC 
PC 


Титом INDOW'C - for Turbo C $ 75 
Vicw Manager by Blaisc PC $199 
Vitamin C - screen МО PC $159 

VC Screen PC $ 79 


Windows for C - fast PC Call 
Windows for Dara - validation PC Call 


DBASE Language 


Clipper compiler PC $399 
dBASE II Plus PC $399 
dBASE Ш LANPack РС 5649 


DBXL Interpreter by Word Tech РС $ 99 
FoxBASE + Dev, - V2.0 MS $259 
Quicksilver Diamond РС 5269 
Sole: АШ peices subject la сап withou! айке. Mention this ad. Some 
phon are specials, Ask about COD and РО, Format Т laptop Bow 
available, рін 208 others. UPS тигїэге shipping add Уе, 


Call for a catalog, literature, and solid value 


900-421-8006 


THE PROGRAMMER'S SHOP ” 


5. B Pond Park Read, Hingham, МА 02043 
Mass: 800-442-8070 or 617-740-2510 2/98 
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Order before 4/30/88 and mention "BY4R8" 
for thexe Special Prices: 


lisi Normal SPECIAL 


Your Source for Debuggers 


обе Је code, С, Asm Whalever vou wrie, 


changes are i doesn't rin right the first ume C Sprite by Lattice $ 175 
DBug ПГ. for dBASE 5 |95 


Periscope [-incl. board $ M5 
Periscope II-incl. switch % 175 
Periscope ІП-10 

MHZ version $1095 
SoftProbe IVTX-Rom $ 750 
TURBOsmith-Turbo Рак 5 9) 


For clear windows on your cade. vomsider these 
professional tools Recover Enim even Irazen 
muchines, debug af hgh level; and keep mer- 
activity in the debugiong process. Mention 
"ВУЧАК Jur the special prives at right 

Call опе of our Tech Reps for help choosing 
TODAY. 


DBASE Support Other Products 
dAnalyst PC $ 219 ASMLIB - 170+ routines PC $125 
dBASE Tools for C РС $ 65 Back-lt by Gazelle MS $119 
dBRIEF with BRIEF PC Call Baler PC $459 
dBC II by Lattice MS $ 169 Dan Bricklin's Demo 11 PC $169 
Documentor - dFlow superset MS $ 229 Disk Technician-smart upkeep РС $ 89 
Genifer by Bytel-codce generator MS $ 279 Fast Back Plus PC $149 
QuickCode Ш Plus MS $ 189 Flash-up PC $ 69 
R&R Report Writer MS $ 119 Interactive Easy Flow V5.0 PC $125 
Seck-It - Query-by-example РС $ 79 Link & Locate - Intel tools М5 $309 
Silver Comm Library MS $ 139 Macc Utilities MS S 85 
Tom Rettig’s Library РС $ 79 MKS RCS MS $155 
UI Programmer-user interfaces PC $ 249 німі Шы — дЫ : a 

i | оов Deluxe- ustom 

Editors for Programming Pink 86 PLUS - overlays MS $275 
BRIEF Programmers Editor PC Call PVCS - by Polytron Special * 
de - EMACS-style PC $ 65 R-DOC/X MS $135 
EMACS by UniPress Source: $895 $ 265 risC by IMSI - H.A.L. MS $ 75 
Epsilon - like EMACS PC $ 149 Show Partner F/X PC $328 
ME Macr Editor - Source PCS 79 Source Print - V3.) PC $ 75 
MKS V] MS $ 65 ТЫВ РС $ 89 
PC/EDT - macros PC $ 229 Tree Diagrammer PC $ 65 
SPFIPC - Version 2.0 PC % 179 Visible Computer: 8088 PC $ 65 
Vedit PLUS MS $ 129 WKS Library by Tenon PC $ 79 


*Mention “Special BY 488" and get both a good price and FREE Software! 


Even More Power & Flexibility 
BRIEF 2.0 


BRIEF easily conforms to your editing preferences and style, 
ensuring you are truly comfortable and productive. 

Straight from the box, BRIEF is as much editor as most people 
will ever need — thanks to features like the real Undo, flexible 

| windowing, and unlimited file size. 

But BRIEF's hidden power is in its exclusive macro language. 
Customize BRIEF to include the commands and features YOU 
desire. [t's fast and easy. 

Users and industry press alike unanimously praise BRIEF. 
“Recommended.” — Jerry Pournelle, Byte 12/86. 


Now BRIEF 2.0 adds: 


e Setup Program for easy installation and configuration. (Requires no macro knowledge). 
€ Increased speed for sophisticated operations like Undo and Regular Expression Search. 
€ All new documentation WITH tutorial on the Macro Language. 
® Command line editing (move cursor, add & delete characters, specify parameters}. 
€ Expanded Regular Expressions, with matching over line boundaries. 
г Multi-level Ообо) e Mire Bio woes vil maring by character, line or column. 
- Edit many files ә Reconfigurable indenting for C files (supports most indenting styles). 
a M € Enhanced large display suppan, including wider displays. 
- Filesize limited only € Optional borderless windows. 


disk space. 
i gen maro language Try BRIEF ($195) for 30 days — If not satisfied get a full refund. 
DSIU Ve I ЛОТА, 4 
nden Ifi fo. 
. EGA and Hercules Plus 43-line If you already own BRIEF, call for update info 
support : 
- Compile & find errors within BRIEFN CALL 800-821-2492 Golution 
And much, much more! in MA 617-337-6963 Systems 
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CHAOS MANOR 


there's not enough room for Q&A Write. 

In fact it's worse than that, since I'm 
also addicted to Microsoft Bookshelf, the 
CD-ROM I read with the Amdek Laser- 
drive; that also has a memory-resident 
component. So do the Mace Ultilities, 
which let you recover data in the event of 
a crash. There's the mouse driver, and 
the networking software, апа... 

The result is that my system is always 
full up, and the only way I can operate is 
with DESQview, which lets me switch 
among all those programs. 

You don't have to have extra memory 
to use DESQview; in theory it will swap 
your programs out to your hard disk, or 
even to floppies; but in practice that will 
drive you nuts. You really need extra 
memory to use it properly. 


Extended or Expanded? 
OK; we all want extra memory. Now the 
question is, what kind? 

If you have an older system built 
around an 8086 or 8088 chip, you don't 
have any choice: if you want more than 
640K bytes of memory in your system, 
you have to install expanded memory. 
This stuff is known variously as the 
LIM/EMS mentioned earlier and AST 
enhanced EMS (EEMS); several versions 


are available. Older LIM/EMS isn't a lot 
better than extended memory (which I'll 
discuss later); but the AST EEMS boards 
could do lots of things no other boards 
could do, 

The result was LIM/EMS 4.0, a new 
memory specification still officially des- 
ignated Lotus/Intel/Microsoft, but which 
is really nothing more than AST Re- 
search's EEMS with some doodads. The 
upshot is that if you have AST EEMS 
memory-expansion boards, all you need 
is a software driver to make them 
LIM/EMS 4.0-compatible; but if you 
have any other company's older memory- 
expansion boards, you need hardware 
updates. 

Expanded memory works with both 
the IBM PC and AT (and compatibles). 
With the old LIM/EMS, you can swap 
programs into the higher memory. They 
won't run there, but you can swap them 
into it. With AST EEMS and LIM/EMS 
4.0, you can run programs in high mem- 
ory (i.e., above the l-megabyte address 
area) with DESQview or Microsoft Win- 
dows, meaning that not only can you 
jump around among programs, but you 
can actually run several at once. I haven't 
found that particularly useful, except for 
communications, but people with enor- 


mous spreadsheets to recalculate like the 
feature. It's vital for communications 
programs, of course. 

In summary, expanded memory is a 
sort of conjurer's trick; it uses hardware 
to fool the computer (which doesn't know 
the memory is there) into looking at a 
particular area of expanded memory 
when it thinks it's looking at a chunk of 
its own main memory. If that's confus- 
ing, don't worry about it; the upshot is 
that it works. 

That's expanded memory. Extended 
memory is quite different. 

Since extended memory works only 
with AT-type machines, it took me con- 
siderable time to get it through my head 
that extended memory is not more useful 
than expanded memory; indeed, it's not 
really very useful at all. 

Ав a practical matter, the only useful 
things you can do with extended memory 
are caching and making RAM disks. 
Now, true, that’s better than nothing, 
since you can use a RAM disk as a swap- 
ping area for DESQview to stash your 
programs while you run others. 

You can't run programs swapped into 
an extended-memory RAM disk; but the 
swapping operation is a great deal faster 

continued 


“FVE SOLD THE BROOKLYN BRIDGE 
MORE TIMES THAN ANYONE IN 
HISTORY.” 


ХЫ А 
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Why? Because The Brooklyn Bridge" is the File Transfer Utility beruven 
[BM compatible desktop, laptop and PS/2 computers with Геагигев tike: | 
* Power — immediate sharing of ali peripherals and $ new enhanced 
DOS utilities including dua) independent processing 
* Versatility — bı- directional transfer between all size floppy and 
hard disks on any 2 computers 
‚ Ease of use —cxes 


* Speed —the fastest serial transfer rate at 115,200 baud 


| The Brookivn Bridge сеп be yours for just $129.95. 
For more information contact your local dealer or 
White Crane Systems, Inc. et (404) 394-3119. 


Sure 15} 6886 Peaowee aniu Doea устаз Gang 30082 


know 


communris you already 
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TOSHIBA 


1100 Ріш.,........... 519,10 
3100 w/20 Мер ...... .2998.50 
1000 ,,,...............069,41 
1200.......... врана р 22137.55 
3200 .....,...... SPECIAL BUY 
5100 22772221122. NEW MODEL 
| _ COMPUTERS _ ) 
MOL 80. ит. MOL 170.....$2819.36 
MDL 30.. КМО 40: М 
d d Ac MOL н 554040 
WYSE 
MOL 2008 .. $3082.50 MDL EM. «du TM 
MOL 2112..... 1568.20 MDL 3216..... 
PS2 
MOL 30, MOL 60, 40 Meg .. NEW 
2 drives ..... $1272.20 MOL 60 70 Мед. н 
MOL 30, 20 Meg. 1725.17 MOL 80 40 Мер .. 
MOL 50 ........ 209759 MOL 80, Л Meg "PRICES 
iw 
Deskpro, 2 drives „уе esc ere rre 8110512 
Deskpra, 20 Meg. ЕТЕДИ ЛЕДЕ ЫЫ 
Deskpro, 40 Meg..... ЕРЕН 
Deskpro 286, Madar i чьи ии вики 138.55 
Deskpro 288, 40 Мер.........››..‹ 10 
Deskpro 285, 70 Мап................ 
Deskpro 388, 40 Мер................ Л 
Deskpro 386, Model 50 20 MHz....... 9572.30 
Deskpro 385, Model 130, 20 MHz ...... 
Deskpro Moda 3 nen 9166 20 
Portas. 2 diva ,..................- 574.55 


nd «sadi 
кише h. Made a. oo EN 
Portable ill, Model 20 ...-..-.-..... ЗИ 


шчтетт fe 


PM, КАЯ RETI 
VASE (XT Turbo} 640K, 1 Норру. DOS. 
SPÈ, үкү ipo. НО & Кеубоагӣ. .... 5899 84 
VX88 ы: O Меп........›.... TH 


12M SP ЕН Cont Ы wn 

VT280 w 0M eu * 4 ++ т > = 1124926 

VT286 w/40 Мей ................... 1724.9] 
TOSHIBA 


HR A ws WER БН Уа 


T3200 ...SPECIAL BUY T5100... NEW MODEL 


NEC 
35 ри E: OPN eho kei 
У eee pe OH Eee eee Ree 
МЕС Multspeed НО „озак она нон: 1n 


FM 


ша эс соў eR зеен ГЫ Аға т қалалы RN Cn 


— ATST The right снесе стае 


6300 м/640К 1 Drive.......... 
6300 w/640K 2 Drives "PU 


учите 


“ғ... 6300 w/840K 1 Floppy, 20 Meg .113%.60 
к= 6300 w/B40K 1 Floppy, 30 Meg . 1167.70 
Кы 6300 w/540K 1 Floppy, 40 Meg .1299.90 
Li 21 8312/8388 WGS......... 
АЙ ATATs inchde кеумелі. Моа aed 005 additae. 


TM GALL 


Mobo 
For Less 


CALL FOR LOWEST CUSTOM QUOTES 


ажа ж=- A === 
Е BUE | . 2 ӘЖ PACKARD BEL 
ШЕВ P eA 0 саан serisiparatiel, ColorMonochroms 
doll ту т ж ич es Adapter & Keyboard... ........... $889.84 
j | А да UU. T иј 8 MHz, D Walt State, 
| И ДАЕ | Fd) — ADK 12M Floppy. SerisJParallel, F/H 
Б. p d =a @ Controller, Keybos Sree ee aan И ‚ $1299.36 


dy Sells п 


Monographies board, Dos, Keyboard 
$300. 1 ib ........2..- $749.50 | 


$-500 AT Compatible 8/10 MHz, 8 Slots, 
УР, Monographics Board, DOS, К 
„ $500, 1. Floppy ......... $1 
emi 20 Meg „акика Par LY 


us — — —A— ^ 


№ PAIN a POS TAP T ы VGA А "EGA PRODUCTS || 
| чар | т — VGA & EGA MONITORS | 
© CITIZEN 1/2 he oat ОТАТ 599.00 MPAQ УСА monitor ..... uictis КЫ $548.58 
1200 ........$158.55 М5Р40.,.....530845 М bE Мер {т wicon `-32914 LOGITECH EGA Monitor soso MTS 
124 әжееті s= a 985.10 MSP45.....,..449.20 ШЖ, "eg ме м. „20% Eg NEC Multisync 11 ИӘ” к. 
1800 nan a MSP50 * 5-5» Фе #ь ч 375.54 " NEC Muluisync РШ... esses ess „888.10 
(il... 88830 М$Р55........ 179548 DTI b CM EE. т. МЕС Му XL 9 Сс... 
М5Р18.....;.. БЕМ летие dd ЧЫП SEAGATE 40 Meg I RENE % PS Hx 125 He Resolution НОВ........ 4642 
: 0 Meg int, ape... ТИП SONY МЫПБСАМ..............:--- SOAM 
prom 04 exi. tape. 254424 О Жантай СПП 495.40 
18021300 See cee ee ee eee , SULIT) 47917 GENOA 125 inf. lape Hol dL ИС hu T 2149 TITTEN -U 
EPSON О Cl 10... Ts Ж дай VGA DISPLAY CARDS 
м UN... y EPSON E Six с СЕЗЕТІН?! 

Ребе ^^^ FOR BEST 10850...... MOOELS Йй я tape Бишр... С 2M GENDA А ULI, 
Пе PAICE T MN RWIN 20 M7 0 Minternal Page зело 53820 PARADISE VGA 70107 58 
Call tor Accessories E. MOUNTAIN 4440 ЮЛ... ................2# 0 Му ULTRA МА...............- 4000 | 

1EM vat San SEER т. OE VA pg 335 | 
Pro Printer |, ‚5447.95 — Quietwriter ІІ. 5334442 VELL юни EN — NSPLAY CARDS ——— 
NEC SANTA CLARA Diskess Workstation .... 384840 | АТ dert OA Wi Ros өй i ш 18 | 
Color Рб ,.. „тон а P? , > 90 е SOFTWARE 5 STARTE А KITE LOGITECH EGA Gard w/mouse ........ BITIB | 
М. CAR Po а... ЖБ w Western Digital software. . .,... .. .ST20.34 БИНЕ Anto бейек EGA аво г. TOADS 
е, ЖАЛ 8850........ 1040. 78 Entry-level 285 Starter Kil, 4 Usars.,.... 599.50 QUBBRAME зуе. TID ЗРАЧИ | 
3550... Өл: CALL FOR ACCESSORIES (Entre level 286 $ 286 Starter Kil, 8 Usars ....... SAVE vega ш. | 
Software w/ Keycard ...... 10849 Г. TAE ом ons is j | 
Okimate 20__ $12274 ML 182P.. __. «24450 NOVELL SFT Netware Level f......._.. 214066 | Бы в Ем = 
ML 1828 ...... 279. Г 192 Pigs... 32250 NOVELL SFT Netware Level !| V2 1 ..... 275180 | AST 5251-1 Р\и5.................... зара | 
24  Nondedicated Netware Sottware 286 EVEREX ALEK Г ^ did РЫ 10990 / 199.9 
ML 193 Plus. 45848 Mi 292 Pies. 37744 жіне 5 
18.55 p in, ^ir. 14110 “#{#{Квусаш!.........ш............ à HAYES 1200/ 12008 DAE, E 289.80! 28426 | 
жэй Pod ins LASERLINE . .. 1222.30 INTERFACE CARDS HAYES 2400) 24008 ...........424.68 37065 | 
ARCNET PCTIO LANBoard ...........-$19827 | IRMA ule Сошет. ОН ЖЫП 
аа PANASONIC goma ARONET PC210 LANBoard ............ 26080) TOSHIBA 1200 mete oo ЫЗ 
Ей 4-44 ч ции = + n ace nneclóf ......... сотоз 
10927.........334.28 1592 ....,....43344 — ETHERNET Plus Board (for 286) ........T09.M S ШШ a хатты... 9 
1595 .....--..45045 3131..........274.32 — |G-NET Interface Card w/cable,.........299 52 | US ROBOTICS НИК 
semen rem яз пята 6 me a eter >» n а at 484 шашы „жы | 
31 40952 1524 8910 WESTERN DIGITAL Ethernel Cards..,.. .26@10| VEN-TEL 1208 n Нан Card 194.50 
TOSHIBA — КҮ eum s (ӘНДЕ, 1000 Plus тыг: 0 
FEN ...... 549445 P3512 5/Р ...989995 СЕТ Active Н)... 89498 VER TEL 2400 Exjeral 
a ....... 1? P3512 Color , тән Eremi ECC talk 
P35). 650.00 SX ...... 1084.05 А Gales oe scat ln gad i кк CHIP 
LASER РЕ RINTERS 0 Cal COW tor ali усаг Matworking Hardware & Software. TAFTI ANR 
AST Turbo Laser/EL . . Teak eek ee rdi 549648 MONITOR IN) ERFACE CARDS | 80287-6! - 4; Um 
MA d Model 2... wEeeeea яка E Tm iin rid nias ада --— IT =A i 9 мыл P 
ша... o o nnm 330 — (CDW color card wp ............... — 
NEC LCB50/ C880... /....- ^ їн STOCK KARD BELL monographics ‘card’ wip. HT n ichin н. Bax (ии. o serial 
МЕС. 1:59 Бынан. unus LEE, GENOA Si Spectrum (сою та Се. ры у 


"ew E pren бы: Ұя facon Қу сал Lim ЭС Queens Gaya Ico Legend ate 
ына Төлес cere Loup Den, pi пш meia Cx AM ua t amr 


= (312) 498-1426 (312) 291-1737 


TERS ) KEYTRONICS 5151 IBM ог АТАТ . 
ЛИТ Т... А SCÁNN lu | HERCULES | ese Board "IM ^ KEYTRONCS 101... 
iM onem) MODELS ; ТАКАЙ НОВА os A QUAD 
2.183. 20 Мед... peewee warts IN Н STOCK * „ЖҮНҮ ғ. 
i385... Tree eee eee ee eee ь CALL FOR PRICE | м d C) HM OCHRO! ME М ON MITORS | 
Other Compulers Available Upon Request ATT Monochrom РИЧЕ Jn EM . 27. d А.л. ! "EA 
pg AMDES ЗЛА uer... MUT Т PERMA POWER 6 Datel Surge бирр 
MINSCEIBE 30 Meg fae САЛО т ы кы ат, а ,IRIPPLITE, "ass 
OUNTAIN Ме 30 Nep - .. Sidi Тї COMPAD oom NINE T 1200......М856 161000 ;...... 189.78 
EVELOPMENT 20 Wag ......... 56848 NEC Mi И у MODEL 4 Qutlet ........ 25 
S DEVELOPMENT 40 Meg КТИ 838.80 $ МАХ 122 amber р. eee ves one DATASHIELD 
WESTERN OAL 40 Mog PETS PACKARD BELL Green or Атфег......... 8995 500 Wan ..... $960.05 1200 Wan... 594,75 
RIVES FOR АТа А 2868 2, TAXAN 123 Green/ 124 Ami Ww... R50; 12005 — 800 Wan LL... 83850 8 Оше! Surge. . .2785 
MINISCRIBE 40 Мес 2Bms Фаятеаһаач .$609.40 HP SCANJET.. Hi DMP-62 ec LOR СІ. L LP l. НІС MC INIT: ORS ] c R өй - ғ" -— 
PRIAM 40 Neg ha ai Еее үс ! MACHIN — MET pee - М мсЕ ad » 
1 еа = + 1 уф рьнинчыч > 
PRIAM 60 Мед hard бек ........... 798.95 | From Here to э Бит in 18 Seconds | AMDEK color soory m... L 32924] МАЗ ORTEN, \paimouse By Version... ee 5559 
IAM 130 Meg hard disk ........... 1809.48 ВЕЦ. OFFICE Faxine 9127082 „^ IBM PS2 8512 E 425.40 шого у= ыруг; w ираг. 12435 | 
SEAGATE 4038 lo Meg hard disk .......4990 Eas KX-F115 , , M83 56 M PS? 9513 Faparced біш. E MICRO Se (Bus Version) 118.34 
Ші har E | SHARP ла Susi ы. uh 417.18 MICROSOFT Mouse [Senal Vernon) 7... 928 | 
ISR ....... TEN чи мази виа и кии нии ния» | 
cnn drive. een wi MDC. | TOSHIBA 3010.......1314.М TAXAN 850/720. . ............ 468907 128830 MOUSE SYSTEMS au) =>. 85 | 
—Ó угш раст таа E == —— " - тең; зу Á— - —"I E ! ry CUPICIFTEERJ AS D mm ы 
| MOST ORDERS SHIPPED | Call CDW™ for custom quotes - f yo find z a better price 
“WITHIN i 48 HOURS. on prc oduct s not listed. | callus befo эге you buy. 2 
META ! - or TM 
WHY WAIT? CALL COMPUTER DISCOUNT WAREHOUSE NOW! ^ 
Aie на Le. Nationwide Toll Free — a HIGH VOLUME | 
н WS 00/177 1 E, а” "^h oD | WW: E IDS INVITED 
4 А 21 19% QU | і Е > | | | | | | , | я 4 730 Anthory Trail 
TE wif Var | ыр | P 4 4 | | | 1 
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CHAOS MANOR 


than it would be to a hard disk. In addi- 
ton, DESQview has a trick whereby it 
can get 64K bytes of itself into extended 
memory. Running DESQview with ex- 
tended memory is a heck of a lot better 
than running without it; but extended 
memory is still less useful than EEMS (or 
LIM/EMS 4.0). 

To further confuse the issue, programs 
like Above Disc try to use software meth- 
ods to fool your machine into thinking 
thal extended memory is really expanded 
memory. None of these programs can do 
more than turn a block of extended mem- 


огу into the early version of LIM/EMS; 
making the machine think extended 
memory is EEMS is impossible. To get 
EEMS capability, you have to use some 
hardware. 

These programs don't always work; in- 
deed, those that do work don't work all 
the time. А$ an example, I used Above 
Disc for a while before I converted to 
DESQview. 

One program that is supposed to know 
how to use the early version of LIM/EMS 
(as well as EEMS) is Living Videotext's 
Ready!; about half the time, though, 


Let CPT give you the total view — today. 
Upgrade your PC, XT, or AT- compatible 
computer with СРТ5 full-page displays, at a price 
far lower than you might expect. For more 
information on how CPT can expand your 
display-horizons, call 1-800-447-4700. 


чш 
More Than Office Automation. .. Office Productivity 


РГ XT and AT are tracdemaris of Hbri ina] Busines Mahoma. In 
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Ready! would load itself into the ex- 
tended memory that Above Disc was try- 
ing to turn into LIM/EMS—and about 
half the time it wouldn't. I never could 
see any reason for this; maybe I didn't 
hold my mouth right. Eventually I gave 
up on Above Disc. 

The LIM/EMS 4.0 standard explicitly 
states that it cannot be emulated in soft- 
ware. That doesn't mean some hacker out 
there won't be able to do it. It does mean 
the big boys won't support it. If you want 
to expand your system's memory, you 
need LIM/EMS 4.0 boards. AST boards 
work fine. 


Enter the 386 

All the above applies only to PC, XT, and 
AT machines. It's all different if you have 
a 386. The 386 machines have memory 
management and know how to address a 
lot more than the simple 640K bytes that 
the PC, XT, and AT can find. 

In practice this means that if you have a 
386 machine, there doesn't have to be any 
practical difference between extended 
memory and expanded memory; the 386 
is perfectly capable of operating with 
either, or both. DESQview on the 386, 
for instance, can not only swap programs 
into extended memory, but can also run 
them from there. (You'll need a 386 
memory management program such as 
Quarterdeck's Expanded Memory Man- 
ager 386 [QEMM|], but that's a detail.) 

Unfortunately, this isn't quite the 
whole story. The 386 is a 32-bit machine 
that can also do 16-bit operations; and it 
has both a 16-bit bus and a 32-bit bus. So 
far as [ know, everyone who makes 386 
computers makes the 16-bit bus conform 
to the IBM PC AT bus standard (except, 
Of course, machines that use the new IBM 
Micro Channel bus; but let's confine our- 
selves only to AT compatibles for the 
moment). 

On the other hand, no two manufac- 
turers seem to use the same 32-bit bus 
structure. We have one bus by Compaq, 
another by Cheetah, a third by Zenith, yet 
another by Intel, stil] another by AST, 
and there are probably more. 

The result is that if you want to add 32- 
bit memory to your 386, you will prob- 
ably have to buy it from the company that 
made your computer. There are excep- 
tions; some machines can use two Chee- 
tah 16-bit memory boards chained to 
make them 32-bit. Certainly the new 
Cheetah 386 motherboard can do that. In 
general, though, to get 32-bit memory 
you should go to the manufacturer of your 
386, 

The good news is that you don't really 
have to use 32-bit memory. The 386 chip 
is smart enough to know what kind of 
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Compact, Low Power, Cost Effective 


Single Board Computers 
for Embedded Applications 


World's smallest PC — and CMOS too! $ 3 59 
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Space of a Half-Height 5-1/4" Disk Drive! 
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Little Board /PC 
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through in microcomputer technology, providing system de- 
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disk drive, and power supply is included! 
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microcomputer applications where IBM PC software and bus 
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tion, small size, and high reliability are critical. Its low power 
requirements, compactness, and solid state disk drive sup- 
port make the Little Board/PC especially useful in rugged or 
harsh operating environments. 


Typical applications for the Little Board/PC include: 
ө Oiskless workstations 
e Remote data logging 
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ө Point-of-sale terminals 
ө Network servers 

e Distributed processing 
ө SCSI device control 
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Development Chassis / PC" 


The Little Board/PC Development Chassis offers a 
low cost, "known good" development environment for 
projects and products based on the Little Board/PC 
single board computer. 


The Little Board/PC Development Chassis includes a 
two slot PC Expansion Bus, a 360K byte (DSDD) 
floppy disk drive, a power supply, and all I/O and 
power cables required for immediate operation with 
the Little Board/PC. 


All МО connections are conve- | 
niently available. Included on 
the Development Chassis rear 
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nectors for keyboard, par- 
allel printer, both serial 
ports, optional video 
monitor interface, 

and the AC power 
outlet and power 
switch. 
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memory it's dealing with, and when it 
needs 32 bits of data from a 16-bit mem- 
ory board, it automatically does two 
reads. Of course, that takes longer, so it's 
much better to have 32-bit mernory, espe- 
cially if you happen to be doing computa- 
tion-intensive work like CAD. 

You can also mix both 32-bit and 16- 
bit memory; I have 2 megabytes of Kay- 
pro 32-bit memory in my Kaypro 386 and 
another 2 megabytes of Cheetah 16-bit 
memory addressed above that. I don't 
often fill the machine with enough pro- 
grams that it needs that extra memory, 
but once or twice I have; and while the 
speed difference was noticeable, there 
weren't any glitches. 

What I was doing at the time was using 
Crosstalk (under DESQview) to commu- 
nicate on BIX; keeping SideKick in its 
own DESQview window; reading a Q&A 
database in another window; and doing 
some writing with Q&A Write in yet one 
more window. Then I got a sudden urge 
to look in on a game I'd been playing. If I 
hadn't had those extra 2 megabytes, I 
wouldn't have been able to do that. 

Generally, though, the Kaypro 386 
with 2 megabytes of 32-bit extended 
memory is more than good enougb to let 
me communicate, write, keep my calen- 


dar, get at my memory-resident unit-con- 
version programs, and do my writing. 
What I've been using to manage this is 
the combination of DESQview and 
ОЕММ. Doubtless other combinations 
would work, but I don't guarantee them. 
For instance, I've had Microsoft Win- 
dows/386 for a couple of weeks now, and 
I understand it's pretty good; but DESQ- 
view certainly ain't broke, better is the 
enemy of good enough, and I don't have 
any real reason to expect Windows/386 is 
all that much better than DESQview any- 
way. I'll get to Windows/386 when I get a 
chance, but I'm in no great hurry. 


Logitech Does It Again 


| like mice. As is the case with most 
touch-typists, I don't like them for writ- 
ing, but when it comes to editing they're 
very handy. I've also got accustomed to 
using the mouse to control Microsoft 
QuickBASIC 4.0 and in a number of 
other contexts, including DESQview, 
which adapts very nicely to a mouse. 
I've always preferred the Logitech 
three-button LogiMouse. I suppose that's 
because my first exposure to computer 
rodentia was on Niklaus Wirth's Lilith (I 
miss that machine a lot). In the Lilith 
scheme, the middle button of the mouse 


calls a menu, the left button does some 
kind of action, and the right button gener- 
ally cancels the action or changes modes. 
This seems intuitive to me. 

Of course, you can get the effect of 
three buttons on the Microsoft two-button 
mouse (1.е., by pushing both buttons at 
once), and a lot of people prefer the 
shape, heft, and feel of the Microsoft 
Mouse to Logitech's. There are even 
some people who like the Macintosh 
scheme of using a one-button mouse with 
double clicks, shift clicks, splat-key dou- 
ble clicks, and so forth. I suppose it's all 
a matter of preference. In any event, I've 
always been fond of the LogiMouse. 

Lately, though, I’ve had better reasons 
than mere preference. 

First, there's Logitech's Point editor, 
which is a terrific utility. For people who 
just need an editor to manage their sys- 
tem—to change AUTOEXEC.BAT and 
CONFIG.SYS, make batch files, and 
suchlike—it's a near-perfect replacement 
for EDLIN, because it's full-screen, very 
intuitive, and also has an extensive help 
menu. 

The only nonintuitive feature of Point 
is that Replace is found under the Edit 
menu, rather than Search. Most U.S. edi- 
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The Complete 
68000 C Compiler 


The UniWare" 68000 C Cross Compiler gen- 
erates fully optimized code for your ROMable 
applications. It supports: 


* 68008 
* 68012 
* 68020 68881 


You won't find a more complete package — the 
UniWare 68000 C Compiler comes with a 
relocating macro assembler, type-checking 
linker, librarian, and all the utilities you need to 
put your program into ROM. And it's just $995 
under MS-DOS. Also available under UNIX. 


CALL TODAY 
(312) 971-8170 


SOFTWARE DEVELOPMENT SYSTEMS, INC. 
3110 Woodcreek Drive 
Downers Grove, IL 60515 — 


* 68000 
* 68010 
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The Complete 
280 C Compiler 


The UniWare" 280 C Cross Compiler gener- 
ates fully optimized code for your ROMable 
applications. It supports: 


*Zilog Z80 
*Zilog Z180 
*Hitachi HD64180 


You won't find a more complete package — the 
UniWare 280 C Compiler comes with a relocat- 
ing macro assembler, type-checking llnker, 
librarian, and all the utilities you need to put 
your program into ROM. And it's Just $995 
under MS-DOS. Also available under UNIX. 


CALL TODAY 
(312) 971-8170 


SOFTWARE DEVELOPMENT SYSTEMS, INC. 
3110 Woodcreek Drive 
Downers Grove, IL 60515 
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tor programs make Search and Replace 
part of the same operation, but since Re- 
place changes text, while Search doesn't, 
you can also argue for the Point organiza- 
tion. Besides, if you remember that 
anomaly, you'll probably never need to 
use the Point manual. 

Point doesn't have all the features of 
VEdit or Brief, but it has most of them; 
and since I never remember how to use all 
the features of those other (excellent) edi- 
tors, it hardly matters. People who do a 
lot of programming might want to look 
further, but Logitech's Point is darned 
near perfect for the rest of us, and I know 
some very experienced programmers 
who prefer it to any of the others. Point is 
a great bargain, since it comes as a bonus 
in the Logitech Mouse with Plus Soft- 
ware package. | 

I'm also fond of Logitech's Publisher 
Mouse package; it's still the easiest intro- 
duction to desktop publishing I've seen. 

Now Logitech has taken the next step: 
they make a half-slot board that supports 
both EGA and their mouse. It's called, 
unsurprisingly, the EGA&Mouse board, 
and it also has a light-pen connector. The 
package comes with the Plus Software 
(including Point); EGA support soft- 
ware, including a program that deter- 
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mines the date of your system's BIOS 
ROM (any ROM manufactured before 
October 27, 1982, can't support EGA, 
and you'll] need new ROMs to use theirs 
or any other EGA board); and the Paint- 
Show program. 

PaintShow is an ЕСА color paint pro- 
gram with several fonts, including math 
and engineering symbols. I haven't had a 
chance to compare it with, say, EGA- 
Paint 2005 from RIX SoftWorks; but cer- 
tainly PaintShow is capable of some 
really nice graphics. I'm very fond of the 
RIX paint programs, but, realistically, 
PaintShow is good enough for any color 
graphics I'm ever likely to do. The code 
isn't provided, but there are ways to glue 
PaintShow pictures into Modula-2 pro- 
grams. Printer support is provided. 

To top it all off, Logitech offers the 
Autosync Monitor, which can switch be- 
tween TTL and analog inputs. In ЕСА 
mode it has sharp resolution and a nice 
crisp picture. There are full controls— 
horizontal and vertical position, and 
hold, brightness, and contrast—and 
they 're set at the right side of the moni- 
tor, where it's easy to get at them while 
looking at the screen. Alas, many moni- 
tors have those controls at the back where 
you can't reach them, or on top where 


they neatly put your arm in the way of 
your vision when you try to make 
adjustments. 

It's a bit hard to "rate" monitors; at 
least it is for me, since I don't know much 
about them. All I can say is that this Logi- 
tech monitor is as good as any I've seen in 
its size. It's a bit small for me, given my 
eye problems; I still prefer my 19-inch 
Electrohome and Intecolor monitors. 
The fact is, though, I could live with the 
Logitech monitor, and I suspect most 
people won't ever need anything much 
better. The only odd thing about the 
monitor is that it looks rectangular. 

Now, all EGA monitors are rectangu- 
lar; at least all of them in this house are. 
I confess that I hadn't noticed that before; 
but when I uncrated the Logitech moni- 
tor, it was so visibly wider than it was tall 
that Г measured it: 8% inches tall by 
11 inches wide. Then I measured the 
others. The NEC MultiSync and the 
Zenith EGA are both 8'4 by 10% inches, 
while the Zenith FTM monitor is 8 by 
10% inches. My Electrohome 19-inch 
monitor is actually 11'# inches high by 
15 inches wide. 

Of the smaller monitors, the Zenith 
FTM has by far the crispest images, and 
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'The Word Is Out: 
Send Protected Data 
Over Any Modem. 


\ 


Data Sentinel” 


The Word із Out. 


Now you can secure your PC data files and keep 
modem transmissions completely private. With the 
Data Sentinel hardware key from Rainbow Technologies. 
And without passwords or Ее 

Simply plug the Data Sentinel into your PC's 
parallel port. Then follow the easy step-by-step menu 
to encrypt and compress your data files. Which can be 
opened only with a duplicate of your own personalized 
Data Sentinel key. 

Up to now, it hasn't been easy to send secured files. 
You see, ‘old’ modems don’t encrypt or compress data. 
And while ‘new’ ones can, they can't send the secured 
data to an 'old' one. 

But to the Data Sentinel, that's a piece of the past. 
Because as long as your old-old, old-new, new-ol 
or new-new modems at each end are compatible, 
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Data Sentinel-secured data can be transmitted. You can 
even send secured data to electronic bulletin boards and 
mail services like CompuServe and GEnie for a ‘pickup’ 
the next morning. And if you're not transmitting, 
you can use your Data Sentinel to protect your own 
personal files. 

jer which ties up a lot of very loose ends. Very 
quickly. 

The word is out in data security. And the word is 
Data Sentinel. 


Data Sentinel - How It Works. 
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text on that monitor looks larger than on 
the others, although I think that must be 
an illusion; but the Logitech monitor cer- 
tainly more than holds its own against the 


| others in its class. 


Naturally, the monitor works very well 


| with the EGA& Mouse board; and it had 
| no trouble with the output from Orchid, 
‚ Zenith, or Kaypro EGA boards, or with 


the Paradise CGA board. 
If you're looking to upgrade your sys- 


| tem, you really ought to look into the 


EGA&Mouse package. I doubt you can 


| get a first-class mouse, monitor, EGA 


board, utility editor, and paint program 


| for anything like the price. This is 


recommended. 


Modula-2 vs. QuickBASIC 4.0 


| The other day I told some friends 1 was 


doing a new programming project. Given 
my support for Modula-2, they all as- 
sumed I'd use that, and a couple of them 
were shocked when I admitted that I was 
using Microsoft QuickBASIC 4.0. 

There are several reasons. The main 
one is that I'm working on Roberta's 
reading program, and the original was 
written in Microsoft BASIC; it would 
take me at least a week I don't have to sit 
down and translate the whole program 
into Modula-2. 

Now, true: over the long haul I'd still 
in theory save time, since Modula-2 pro- 
grams are just so much easier to add to 
and maintain than ever was any BASIC 
program; but the practical bottom line is 
that I'm doing Roberta's job in conjunc- 
tion with a dozen other projects, and 
translating from BASIC to Modula-2 
would require me to sit down and work 
steadily rather than adding lines by bits 
and snatches the way I do now. 

It did get me to thinking, though. 

The real problem with Modula-2 is not 
understanding the language and learning 
its syntax. Modula-2 really is a great deal 
easier to learn than BASIC once you set 
your mind to it. No: the problem with 
Modula-2 is that it doesn't have all the 
neat little built-in string-handling func- 
tions that BASIC has evolved over the 
years. 

As an example, the other night I asked 
Dave Moore, the author of Workman's 
FTL Modula-2, how I would position the 
cursor on the screen so that I could print 
some words at a particular location. Dave 
took the FTL Modula-2 manual and be- 
gan looking things up. I knew that he 
wouldn't find it in either the index or the 
table of contents, because I'd already 
looked. 

After a while I said, '*You can do that, 
of course?" 

"Of course," Dave said. “I know how 
to do it, I'm just trying to see how anyone 


would find out if they didn't already 
know it's a routine in the ScreenIO mod- 
ule, or that the command is GoToXY. " 

I don't think he ever did find an 
answer. 

A couple of days later I was talking to 
Pierluigi Zappacosta, president of Logi- 
tech. Logitech makes mice, of course, 
but they're also known for their Modula- 
2 compiler, which has the best debugging 
tools of any language I know. If you're 
designing a language implementation and 
want to sce a good debugger in action, get 
Logitech Modula-2; you'll learn some- 
thing. 

“Тһе problem with Modula-2, " | said, 
"is that it's missing all the odd little 
string routines that BASIC is so rich in. 
Things like LEFT$ and RIGHT$, and 
LTRIM$ and RTRIM$. MID$. None of these 
is particularly difficult to write in Mod- 
ula-2 (or in Turbo Pascal for that matter); 
but at least in Modula-2 it hasn't been 
done, and it's not always so simple to fig- 
ure out a good way to accomplish them.” 

That got me to thinking. What Mod- 
ula-2 needs is a book oriented toward 
BASIC programmers. There are a lot of 
BASIC programmers out there, and many 
have learned the evils of GOTO, unde- 
clared variables, and side effects. Many 
are ready to switch, providing that 
switching won't be too difficult. I suspect 
I'd have translated Roberta's program 
from BASIC to Modula-2 a long time ago 
if Modula-2 had the string-handling tools 
BASIC programmers take for granted. I 
sure wish someone would write up a li- 
brary of such tools. 

Maybe one day Г do it. 

Until then, though, I continue to use 
QuickBASIC 4.0 for most of the quick- 
and-dirty run-once programs like text fil- 
ters; and I continue to wish I'd done them 
in Modula-2 after I write them. Sigh. 


It's Gorgeous 

CD-ROM technology is here, and it 
works. Microsoft Bookshelf running on 
my Amdek Laserdrive has already proved 
invaluable; as I predicted, I now tend to 
use some of the reference books I've had 
all these years. It's very convenient just to 
pop things up on the screen. 

The reason the CD-ROM hasn't really 
taken off is the usual chicken-and-egg 
problem: there aren't enough readers be- 
cause there isn't enough software, and 
people aren't developing the software be- 
cause there aren't enough CD-ROM 
drives out there to make the market big 
enough to justify the investment. Time 
will change all that; І confess it's going 
slower than I thought it would. 

NASA's Jet Propulsion Laboratory 
(JPL) may help speed the process. I 
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4 We liked UNlock MasterKey, 
from TranSec Systems, because 
it doesn't copy software, 
it removes copy protection 
and that's what we want. 

We also liked the speed at which 
it removed the copy protection and 


Ш COPY PROTECTION 


RUN YOUR PROGRAM ON ANY HARD DISK 
ОМ: оск MasterKey Removes 


Copy Protection from | 
140 PC Programs 


The new UNlock MasterKey 
“copying” disk by TranSec and 
best selling UNlock Albums A+ 
and D+ allow you to quickly and 
easily make unprotected DOS 
backup copies of more than 140 
popular original PC programa. 

Your original disk is un- 
changed and the unprotected 
backup copies perform exactly 
the same as the original, as do 
copies of these copies. 

UNlock copies run on any 
hard disk, including Bernoulli 
Boxes. No original key disk is 
required in Drive À. You can also 
run on a RAM disk and conven- 
iently copy DOS 5 1/4" programs 
to 3 1/2" diskettes. 


є 
Take protection off 
programs not listed by 
using generic routines. 


New UNlock MasterKey is 
TranSecs most comprehensive 
copy protection removal pro- 
gram. It unlocks all the pro- 
grams in TranSec's Albums A+, 


B+ and D+...and more than an 
additional 100 programs. It is in- 
tended for the user who wants 
the best and most comprehen- 
sive copy-busting program 
available. 

MasterKey has the ability to 
break more than 140 specific 
menu listed programs. In addi- 
tion you can take protection off 
programs not listed in the 
menus by using generic routines 
for the PROlok, SUPERlok and 
EVERlock protected programs. 

With UNlock MasterKey an 
analyser will tell you if the disk 
ін protected by either PROlok or 
SUPERIok, so that you can sim- 
ply apply the proper UNlock lib- 
erating routine. Even many рго- 


grams using hardware protec- 


tion schemes can be unlocked. 
While other copiers will make 

copies of some programs, oniy 

UNlock removes copy protection. 


Backups don't require tedious | 


uninstalls, and reorganizing 
your hard disk doest result in 
your software calling you a thief! 
To order call 1-800-423-0772. 


имоск` MasterKey , s, 7159.95 


Foreign orders $10 00 


Magieri(oy uniccks the programa in Albume “А” Plus and "D" Plus and those below: 


Aldergrat (2.2), Autocad Ein & Win (2.5x) - Bancstar - Basic-2C Runtime Package (2.00.04 
& 12/12/86) - Balance of Power 85, Cadkey (2.11.01, 3.01) • Cadvance (1.10, 1.20. 1.30) 
» Computer Alded Ptanning (САР) 12/15/86» Cadvance DXF Transistor - CAP (3.00) , 
Chessmaster 2000 ('86)  Courtracting System (22)  CP2A (5.8) » DAM Busters (86) » Data 
Highway Diagnostics (1.3) - Database Manager I! (2.0. 2.02) - Diagram Master (5.1) · 
Diagraph (3.3, 3.4.1, 3.5) + Discovery Litigation Support (2.3, 2.30, 3.0). Disk Optimizer 
(1.4, 1.5) - Erunacad |1108). Escribien (2, 2.04) - Financial Anatyals for Farmers (6.0). 
Financial Profiles (1.5, 2.2, 2.3): Fund Master-TC (3.5). GSS Arab World (1 36A) - Harmony 
(2.35, 3.00} • JBM Drawing Assistant (1.0) - IBM Graphing Assistant (1.0, 20). IBM 
Planning Assistant (1.0) • ICSI Interactive IQ Program (1.11) ‹ insearch (1.02) • Insmark 
|4.03Е) + Intercepter ГУ (1.0А.1.08) » Intercom 102 (2.305,4.14) · Kamptgruppe (85) - 
Maintenance Analysis System (4.00) : Magnatype (1.4). Mapmaster (6.0) Mean 18 бой 
86 ) > Minitab (5.1.1) + Multilingual Scholar (2.9) - Multilingual Scribe (2.9) · Paradox (1.0) 
«PBS (1.0) PC Emulator (1.03) - Petrocalc (85) - PCATE (3.3n-4) » PC FOCUS (1.5, 2.0, 4.5) 
+ PC Information System (9.21), PCLINK (1.0)  Pfs:Access (84, С)» РІз:Ғіе (Tandy В, C) 
+ Pfa:Graph (Tandy, В), Pfs:Plan (Tandy, B, C, 2.00) • Pts:Report (Tandy, 1.00, 1.00.00, В, 
С), Pte:Write (Tandy, 1.00, 1.01, C, 2.00). Picture Perfect (3.3, 3.5) - PLC-2 Ladder 
Logistics (2/11/87) - Pluto ('84) - Print Master (1.1Р) - Print Shop (Ғапу '85. Lato '85, 96). 
Pro-Cite (1 2) - Quicken (84), Real CICS (1.10) - Real Estate Appraisal System (87) • 
Redboard - Residential Appraisal Processor (R8C) › Screenio for Cobol (2.0). Sidekick 
(1 56B) » Sketch Processor (SSK) - SnARTWORK (1.0 r.8-10, t.t, 1.2 7.3.7) * Softbol Н 
Runtime System (2.11 ) (11) - Softbridge Financial Planner (2.1) , Spectra Business 
Systems (3.01) • Spotlight (1.0) - SPSS Statistics for the IBM РС (1.1) Star Trek: The 
Kobayashi Altemative › Superpage - Ststat (2) Tengo PCB Layout System (3.03, 3.04) 
+ Tango Route (1.10) Techsonix Digitizer (2. 6M) -Taylor Allen Bradley Programmer (6.19) 
+ T-Bond Trading System (84). Tencore Authoring Sustem (3.00 Beta) - Toatex (1.5) Type 
1 (Broderbund) (87) - Universal Lite Pers. Prop. System (6.4N) - Versatile Report System 
(2.3%), Video Store Manager (86): What's Best (1.1) - Westinghouse Numa Logic (2.1. 3.0) 
‚ GENERIC PROLok Unlocker - GENERIC PROLoIk Classic - GENERIC SUPERLok 


UNlock із уай for IEM PC, XT, AT and compatibles with at leas! 256K and DOS 2.1. 


the informative documentation 
that accompanied the package. 
UNlock MasterKey is simply the 
most elegant of those we tested and 
is well worth its $159.95 price. 


JANUARY 12,1988 * PC MAGAZINE 


BEST OF 1987 AWARD 
UNlock MasterKey 


agasine's authors and editors chose the moat | 
significant contributions and most favored products of the 


year. They called UNlock MasterKey unlocking toola the 
ulfimafe equalizer for removing copy protection. 
| ——————— „= ———— — 


Guaranteed to work only with listed programs: 


МАСАЛМ 


Lotus 1-2-3 (14, 1А", 20, 2.01} dBASE НІ & dBASE Ill Plus (1.0) 


ІВМ Writing Assistant (10, 2.0) Framework | & (1 11.0) 

IBM Filing t (10,20) Clipper tru winter *85) 

IBM Reporting Assistant (: 0, 2 0) Fastback (5.3) 

Graphwriter (43. 4.3.1) C 

Relia Cobol (12,20) 

MultiLink Advanced (3 02. 303) lars & Sense |20) 

dBASE Ill & dBASE Ill PLUS (10) Microsoft Word (1 15 2.0. 201) 

Framework | and li (1 0) Lotus 1-2-3 (1 д 1А" 20.201 

Chartmaster (51.52) Symphony |: 1.12; 

Signmaster ($ 03. 5 05, 5 1) Lotus 1-2-3 Report Writer (10) 

ra ard Total Pr Mg x dT tal Project M 

rv 0 oject Могут 10) rvard To gr o 
ThinkTank (2.0, 2.1) MngYour Money (A; 
Dollars & Sense (2.0) ThinkTank (20,21) 
“Add $4.00 ship/handling. Foreign orders $10.00 
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haven't been much of a fan of NASA 
since Apollo days—how can it take longer 
to design an O-ring than it did to design 
and build fleets of bombers in World War 
II?—but JPL has always been the excep- 
tion, the showpiece shop NASA points to 
when they want to look superb. 

I never miss a chance to get to a JPL 
spacecraft encounter, and I've always 
wanted a way to get at the planetary data 
they've gathered. Now I have one: they're 
putting it on CD-ROMs. So far there are 
two CD-ROM disks in the Planetary Data 
System Space Science Sampler series. 
Both play fine on the Amdek Laserdrive; 
and they ‘re gorgeous. 

One contains images of Voyager 2's 
encounter with Uranus: on an EGA sys- 
tem, they're terrific; on a full PGA sys- 
tem (Orchid's TurboPGA board and 
Electrohome's 19-inch multisync color 
monitor), they're nothing short of glori- 
ous. They ain't too shabby with plain old 
CGA, either. 

The other disk 15 a collection of data 
files from all over the solar system: 
images of Los Angeles from space, a 
weather movie of Jupiter; Callisto and Io; 
Mars maps; Saturn's rings; Titan and 
Tethys; and just a lot more. 

The whole thing is incredible. If you 
weren't planning on buying a CD-ROM 
reader for Microsoft Bookshelf or the 
Micro Medex medical library, get one 
just to look at these. Check with Tom 
Renfrow at JPL on availability; JPL's ad- 
dress is in the Items Discussed box on 
page 208. 


Short Shrift 

This 1s embarrassing: I have all these tons 
of things to write about, and I can't even 
get started. 

Example: the Atari Mega ST, with 
hard disk drive and Antic's Spectrum and 
CAD three-dimensional software. This 
package is nothing short of amazing, and 
half the ad agencies in Hollywood are 


Custom Imprinted Keys, Keytop Shells, 
Snap- -оп KeyCaps, and Keytop Labels ; 


Available in a rainbow of colors for IBM and most other keyboards. Produced to your exact specifications by our 
competent erra staff and precision imprinted for wear-resistance and compatibility to your present 

leon keyboard enhancements also include keytop kits, keyboard protectors, individual key 
tpekouts, vinyl templates, keytop expanders, plus much, much, 

| more. Call or write for our free 1988 Catatog today. 


keys. Hoo 
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using Atari Mega STs as visual worksta- 
tions to block out their ad campaigns. 

The problem is, the package is so good 
it deserves a whole column. There's ab- 
solutely no way I can cover all that in the 
space I have left. 

Then there's DeskLink from Traveling 
Software. They've taken LapLink to its 
logical conclusion and have come up with 
a І-іо-І computer-linkage system that 
uses normal -4-wire telephone cord to 
connect the machines, works like a 
dream with totally intuitive menus, and 
even has a "talk" feature that lets, for in- 
Stance, a secretary send an unobtrusive 
on-screen note to the boss, or vice versa. 

I can use this to link machines that are 
themselves linked into the CompuPro 
ARCNET PC network, thus completing 
the integration of Chaos Manor. I've yet 
to see a Traveling Software product I 
didn't like, and this is certainly no excep- 
tion; more next month. 

There's the new edition of the Mace 
Utilities, which do an amazing job of res- 
urrecting data from dead hard disks. If 
one day your hard disk reports Invalid 
Drive Specification or General 
Failure Reading Drive C:, my advice 
is, don’t touch it. Leave the machine run- 
ning, pick up the phone, and call Mace. If 
you don't have their utilities, buy them; 
your chances are much better if you have 
them installed before things crash. 

Since crashes are inevitable, you have 
to be braver than I am to be without the 
Mace Utilities. 

Mace also makes programs that fix 
problems with dBASE files; once again, 
if you find you've lost valuable dBASE 
data, don't do anything until you've 
called Mace. 

Incidentally, if you're scared to try re- 
covering data yourself, Workman and As- 
sociates have made quite a reputation by 
getting data off supposedly dead hard 
disks. My son Alex has become a Mace 
fan. He also has other tricks he won't tell 
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me about. They sure can find data every- 
one thought was lost. 


TurboTax 
This column will be out just when every- 
one has to face their taxes. 

My bookkeeping system runs under 
Concurrent 286 on the Golem, my big 
CompuPro machine. I wrote the software 
a long time ago to conform to what | 
learned from Accounting 10) textbooks; 
it seems to be flexible enough to take care 
of my business tax accounting. 

Filling out the personal tax forms is 
something else again. 

In years past I' ve relied on MacInTax, 
partly because that program will print 
everything, forms and all. ChipSoft's 
TurboTax, on the other hand, required 
you to use a normal IRS Form 1040 in 
your printer, and [ have never had much 
luck at getting any printer in the world 
lined up well enough to put its output into 
little boxes and squared; certainly, 1 
don't think Ї can do it with a 1040. 

This year, TurboTax will print the 
1040, provided you have an Epson- or 
IBM Graphics-compatible dot-matrix 
printer. І don't have one of those, but 
they aren't hard to come by for a few 
hours, and that's greatly preferable to 
trying to get things properly aligned. 

I haven't used TurboTax before, but 
[' ve heard good things about it. Тһе man- 
ual looks complete and, given the subject 
matter, relatively easy to use—although, 
face it, even with a computer things are 
going to be complicated this year. It's 
also available as I write this, which 
MacinTax is not. 

| can't strongly recommend a program 
| haven't actually used, but TurboTax 
looks like the one I will use. 


Winding Down 
I'm completely out of space, and I stil] 
haven't touched all the good stuff. 
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NEW АУОСЕТ С” FOR MICROCONTROLLERS- 


А 


Introducing Avocet C™ Fast, opti- 
mizing cross-compilers that can cut 
microcontroller development time in 
half— without sacrificing code quality. 

From concept to code 
in a fraction of the time. 

Programming in C lets you concen- 
trate on end results, not annoying 
details—so you get more done, faster. 
And rapid compilation takes the frustra- 
tion out. But for microcontrollers, you 
need more than speed. You need tight, 
high-quality code. 

Thats why we spent two years 
field-testing and perfecting Avocet C for 
both speed and quality. We built in 
three separate phases of optimization— 
for object code tight enough for real 
applications. Апа we integrated Avocet 
C with an assembler package that's 
mature in its own right—not an after- 
thought. So you can still work magic at 
the bits-and-bytes level. 

Avocet C saves you time in all 
phases of development. Our run-time 
library is extensive—no need to write 
the routines yourself. You'll arrive at 
bug-free code faster, thanks to LINT-like 
type checking. And your program's use- 
ful life is extended, because you can 
recompile for other target chips. 


HROUGH IN SPEED AND QUALITY 


Testing is easier, too. Avocet С ig 
ANSI-standard—so you can test generic 


parts of your program with host- | 


resident systems like Microsoft Quick- 
C" and Codeview^ And when youre 
ready for hardware-specific testing, 
Avocet’s AVSIM Simulator/Debugger 
tests microcontroller code right on 
your РС. 

An excellent value. 

Just $895 buys Avocet C for your 
favorite chip: Intel 8051 or 8096, 
Hitachi 64180, or Zilog Z80— with more 
to follow And Avocet C includes the lat- 
est version of AVMAC— Avocet's super- 
fast, professional assembly-language 
development package. (If youre already a 
registered AVMAC owner, you can upgrade 
to Avocet C for only $595.) 


AVOCET 


SYSTEMS, INC? 
THE SOURCE FOR QUALITY PERSONAL 
Circle 28 on Reader Service: 


The best technology — 
responsive, personal service. 

Avocet offers a powerful, compre- 
hensive approach to microcontroller 
development. 

Avocet development tools put the 
most advanced technology at your 
fingertips. The Avocet staff stands ready 
to give you complete support— 
including technical assistance—on a 
moments notice. And we'll ship your 
order in 48 hours or less. 

Call 800-448-8500. Discover how 
Avocet can speed up your next project. 
Avocet Systems, Inc., 120 Union Street 
PO. Box 490AP Rockport, Maine 04856 

“Іп Maine, or outside US, call (207) 236-9055 


TLX: 467210 Avocet СІ, FAX: (207) 236-6713 


© [965 љосе Systems, Inc АЦ nights reserved. Quick-C өткі Codeview arc 
vadens of Mirecki Corp Loge and nate росе are registered trademarks 
nl Avocet Systems, Inc 
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Items Discussed 


Amdek Laserdrive. ............... ‚.$995 
Amdek Corp. 

1901 Zanker Rd. 

San Jose, CA 95112 

(408) 436-8570 

Inquiry 934. 


Traveling Software 

19310 North Creek Parkway 
Bothell, WA 98011 

(206) 483-8088 

Inquiry 935. 


DESQview 2.0 ................... $129.95 
Quarterdeck Office Systems 

150 Pico Blvd. 

Santa Monica, CA 90405 

(213) 392-9851 

Inquiry 936. 


P.O. Box 57825 
Webster, TX 77598 
(713) 486-4163 


Inquiry 937. 


Fastback Plus........................ $189 
Fifth Generation Systems Inc. 

1322 Bell Ave. 

Suite 1A 

Tustin, CA 92680 

(800) 225-2775 

Inquiry 938. 


Mace Utilities 4.10................... $99 
Paul Mace Software 

400 Williamson Way 

Ashland, OR 97520 

(503) 488-0224 

Inquiry 939. 


Microsoft Corp. 

16011 Northeast 36th Way 
P.O. Box 97017 
Redmond, WA 98073 
(203) 882-8080 

(800) 426-9400 

Inquiry 940. 


EGA& Mouse .................... ....$399 
Autosync Monitor...................9699 
Logitech Inc. 

6505 Kaiser Dr. 

Fremont, CA 94555 

(415) 795-8500 

Inquiry 941. 
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PENNE e E uos vane. xil se cadi $5 
Workman and Associates 

1925 East Mountain 

Pasadena, CA 91104 

(818) 791-7979 


Inquiry 942. 


Planetary Data System Space 
Science Sampler 

NASA JPL 

4800 Oak Grove Dr. 

Pasadena, CA 91109 

(818) 354-6347 

Inquiry 943. 


AST Research Inc. 
2121 Alton Ave. 
Irvine, CA 92714 
(714) 756-4942 
Inquiry 944. 


Reach for the Stars .................. $40 


Strategic Studies Group 
1747 Orleans Сі. 

Walnut Creek, CA 94598 
(415) 932-3019 

Inquiry 945. 


5045 Shoreham Place, #100 
San Diego, CA 92122 

(619) 453-8722 

Inquiry 946. 


Golden Bow Systems 
2870 Fifth Ave. 

Suite 201 

San Diego, CA 92103 
(619) 298-9349 
Inquiry 947. 


Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(312) 391-7000 
Inquiry 948. 


There's the Complete PC Answering 
Machine, which is so good it might be 
worth buying a Blue Chip XT clone just 
to dedicate for use as a telephone device. 
There's Borland's Quattro, which in my 
judgment is the spreadsheet for the rest of 
us: not copy-protected, plenty of fea- 
tures, and the simplest installation and tu- 
toria! I've ever seen for a spreadsheet. 
There's Concurrent DOS 386. Here's 
AutoDimensioning for Generic Soft- 
ware's CADD 3.0 (PC). TK!Solver. 
MathCAD. The list goes on, and what am 
I supposed to do? 

The book of the month is David's Sling 
by Marc Steigler (Baen Books, 1988), a 
novel of how information-age technology 
might be used to defeat bureaucracy; a 
really good read. While you're in the 
bookstore, you might pick up Imperial 
Stars, Volume Two: Republic and Em- 
pire, edited by J. E. Pournelle, also from 
Baen Books. 

The computer books of the month are 
Timothy Budd's A Little Smalltalk (Addi- 
son- Wesley, 1986) and Chris DeVoney's 
newest edition of Using PC DOS (Que 
Corp., 1986). One's a great intro, the 
other's the best DOS handbook I have. 

The games of the month are Reach for 
the Stars (Macintosh only) and Empire 
(Atari ST; PC version upcoming). Both 
are revisions of classics. Reach for the 
Stars is a computerized version of the old 
board game Stellar Conquest, with new 
features added. It's totally strategic level; 
combat is automatic and is based on the 
Lanchester equations in which the 
squares of the forces involved are the key 
numbers. You control economics as well 
as military production, and the darned 
game is fascinating, as well as a good ex- 
ample of using the Mac interface to con- 
trol something really complex. 

Empire is a microcomputer version of 
a classic originally written for a VAX. It 
has some bugs, which the designer prom- 
ises to take care of in a revision; but bugs 
and all, the darned thing turns out to be 
fascinating enough that the other night 1 
sat down at 9:30 and didn't look up until 
4:30 the next morning. 

Maybe next month things will slow 
down, but I doubt it. м 


Jerry Pournelle holds a doctorate in psy- 
chology and is a science fiction writer 
who also earns a comfortable living writ- 
ing about computers present and future. 
Jerry welcomes readers' commenis and 
opinions. Send a self-addressed, stamped 
envelope to Jerry Pournelle, c/o BYTE, 
One Phoenix Mill Lane, Peterborough, 
NH 03458. Please put your address on 
the letter as well as on the envelope. Due 
to the high volume of letters, Jerry cannot 
guarantee a personal reply. 


We realize putting an 80386 microprocessor in keyboard. A multitude of built-in ports. Plus 
a PCisnt anew concept. But to put an 80386 micro- MS-DOS* and Lotus* Metro." 
processor, running at 16 MHz, ina portable And if your good ideas need extra room 


to become great ones, the T5100 сап be 
quite accommodating. With its 2MB of 
RAM that’s expandable to a hefty 4MB. 

Of course, if youd like to see yust how 
fast the T5100 really 1s, we suggest 


qe grs Рр e m 


‘loshiba dealer. And we also suggest 


PC that weighs in at only 15 pounds, 
certainly 15. 

And you'll find just that in the new 
Toshiba T 5100. 

Thanks to the T5100 s 29 msec 
40MB hard disk and 144MB 312"PS/27 
compatible diskette drive, you can run Е, 
complex graphics and CAD/CAM - аа youcallsoon. 
programs faster than you can re- о ОНЫЙ, At the rate they re going, they'll be 
design your latest brainstorm. EE lom / -- hauled off in no time. 

We even gave it a built-in | Ш | A MESE hy the Exceptional Care program 


E 1 No cost enrollment required. Sec your dealer for details 
EGA system with а Bas plasma MS-DOS is a registered trademark of Microsoft Corp. 


display and ап EGA monitor | The T5100 hasa built-in EGA system (зала Metro are trademarks of Lotus Devlopment 
port. An 82-key full-function and a 40MB hard disk. Business Machines Corpuration. 


In Touch with Tomorrow 


TOSHIBA 


dushiba Amenca, inc. Information Systems Divas 


Now you can Re store, and process 
16 images in 


al Time on the PC AT. 


The many faces of Fred Molinari, President. 
€ Do including CAT scanners, scanning that’s 4 times better than anything else 


The DT2861 Anthmetic Frame ky 
Grabber can process 4 times as many rt electron microscopes, line-scan made for PCs, give us a call today. 


images as any other frame grabber 97 ve cameras, as well as (617) 481-3700. 


built for the PC AT. ordinary video cameras 
With a built-in processor, the DT2861 and VCRs. It even ships | ‚ 
4DT-Connect" is an open interface 


also lets you process 4 images in parallel, — with IRIStutor^ software— 


or switch display instantaneously from for free! specification which permits the direct 
| | connection of stand-alone data acquisi- 

as many as 16 images. The DT2861 grabs For more information tion and frame grabber boards to рго- 

images off virtually any video source, about the Frame Grabber cessor boards for greatly accelerated 


signal (DSP) and image processing. 
pea NTSC Memory Mapped 

aca! su On Board 
== ЕЕЕ се Т жашт ere 
| JBM PC AT Yes 
CF CH a ERES = 


“With 072859 9% size multiplexer board ($395). 
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0-12 MHz 


Headquarters: Data Transiation, Inc., 100 Locke Ore, Mariboro, MA 01752-1192, (6171 481.3700 Тік 951646 
United Kingdom Headquarters: Data Translation Ltd., The MN Business Park, Wokingham V ri RG11 2QJ, Ц К. (0734) c Tix 94011914 


Headquarters; Data Translation GmbH. Stuttgarter Strasse 66, 7120 siege -Bissi West Germany 07142.54 
жеде Sales Offices: Australia (2) 662-4255; Bei 9949. Е 735-2135; Canada (41 525-1907, Ch Chile la (2) 25-3689. China (408) 727-8222, (8) 721-4017; Denmark (2) 274511; Finland (90) 
372-144; France (1) 69077802; Greece 951-4944, 527-039; Hong Kong (3) 771-8585; India (22) 23-1040, Israel (3) 32-4298; = (2) 82470.1; Japan (3) 502-5550, (3) 375-1551, (3) 355-1111; 
Korea (82) 756-9954, Netherlands (70) 99-6360, New Zealand (9 504 59; Norway (02) 55 30 50; 545313; Si iu en South Affica (12) 46-9221; Spain (1) 455-8112; 
Sweden (8) 761-7820; Switzerland (1) 723-1410: Taiwan (2) 709-1394; United Kingdom (0734) 793838 Germany 071 


IBM PC AT is p registered Ат e BM. Data Translation 15 à registered trademark of Оз Translation, inc. 
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Two Big Winners 


Ezra Shapiro 


It's April, time for pranks and 
all sorts of tomfoolery. Unfor- 
tunately, [ received my April 
Fools' surprise early, courtesy 
of Jasmine Technologies, man- 
ufacturer of hard disk drives for 
the Macintosh. I've had a Jas- 
mine Direct Drive 160 for about 3 weeks 
now, and it has performed splendidly; 
that's not the problem. Jasmine sells its 
drives loaded with roughly 10 megabytes 
of shareware and public domain software. 
On the surface, it's a nice idea; sure beats 
collecting the stuff on your own. 

However, not all of this assortment has 
been tested by Jasmine. A number of the 
programs can bring your Mac to a grind- 
ing, ugly halt, and some can even do seri- 
ous damage to your system files. Many 
programs are experimental versions, and 
a few date back as far as 1984. Some are 
grossly incompatible with current system 
software, and some never worked well 
even when they were new. 

It took me about 3 days to plow through 
the disk, It's not all bad— you get the lat- 
est version of ResEdit, a couple of inter- 
esting utilities, some fonts, and suchlike. 
Only a small percentage of the programs 
are seriously problematic, but weeding 
them out requires painstaking effort. 

What's particularly irritating is that 
Jasmine is in a position to perform a real 
service to customers and starving share- 
ware authors by providing a selection of 
tested software. But instead of checking 
the programs, Jasmine posted a message 
disclaiming any responsibility for mis- 
haps arising from use of these programs. 
If I read my dictionary right, the opposite 
of "responsible" is " irresponsible." And 
Jasmine's policy is certainly irrespon- 
sible. 

This is no public service; it's a men- 
ace. Be warned. A loud boo to Jasmine 
for this one. 


Almost Artificial Intelligence 

Decision Pad (Apian Software, $195) is 
an MS-DOS package that falls into the 
nebulous category of "decision support 


Decision Pad helps clarify 


tough choices; QuicKeys enhances 


a Mac keyboard 


software." ['ve always hated that label; 
it's an imprecise term, and I'm never sure 
what the companies that use it want it to 
mean. Many of the programs I've seen 
billed as such are mostly hot air. 

But Decision Pad is a top-notch piece 
Of software, and it has been growing on 
me in the 5 weeks T ve been working with 
it. The program is a useful tool for exam- 
ining the strengths and weaknesses of al- 
ternative solutions to any given problem, 
from choosing the right restaurant for a 
business lunch to selecting the best candi- 
date for a job opening. Essentially, Deci- 
sion Pad uses simple quantitative tech- 
hiques to provide qualitative analyses of 
your data. 

The metaphor is much like that of а 
spreadsheet or a database table. Each row 
shows one alternative; columns are used 
to break that alternative into its compo- 
nent parts. Using the lunch example, the 
rows would be individual restaurants, and 
the columns would be attributes like 
price, speed, quality, and aumosphere. 

Decision Pad lets you develop a rank- 
ing scale for each attribute in verbal units 
that seem to be appropriate, like “ехсе!- 
lent/good/average/fair/poor" for quality 
ог "expensive/reasonable/bargain" for 
price. You then assign number values to 
these ranking scales. Finally, you give 
weight to the different attributes; let's say 
price is twice as important to you as at- 
mosphere. Decision Pad then computes 
the results and tells you which restaurant 
would be your best bet. 

Unfortunately, examples like this tend 
to trivialize the utility of the program. 1 
wouldn't recommend using Decision Pad 
to choose a restaurant any more than I'd 
suggest that you need an expert system to 
tell you when your car is out of gas. Deci- 
sion Pad is much more appropriate for 


issues that require selecting 
from among a quantity of very 
similar alternatives. 

Ten years ago, I ran a want ad 
in the New York Times for an as- 
sistant and received over 200 
resumes; almost all of them 
were in line with the basic requirements. 
It took me weeks to whittle down the list 
to a manageable group of applicants. De- 
cision Pad would have been extremely 
helpful. 

Other examples leap to mind: Which 
combination of nutrients grows the 
healthiest culture in a petri dish? What 
midsize car, from which rental agency. 
should you try to get for freeway driving 
in Los Angeles? Where should you build 
a new manufacturing facility, from 
among a selection of 200 suburban sites 
in six states? Decision Pad looks better 
and better as the quantity of data grows 
and the differentiating characteristics get 
less and 1255 obvious. 

The program is easy to learn, and it 
comes with examples at different levels of 
complexity. The basic interface is rather 
a cross between a spreadsheet and a util- 
ity program like SideKick; you can enter 
commands as АН-Кеу mnemonics, use a 
mouse or cursor keys to select from a 
menu, or enter the traditional slash fol- 
lowed by a letter à la Lotus 1-2-3 or 
SuperCalc. 

The documentation is clear, if a little 
overladen with hyperbole. It's missing a 
decent spec sheet, but it does give you a 
thorough tutorial. I had no trouble getting 
going. Once you've grasped the basic 
principles of Decision Pad (in an hour or 
less), you should be able to start using it 
immediately. 

The worksheet holds a maximum of 
150 alternatives (rows) and 60 attributes 
(columns). Decision Pad has no internal 
computational ability except what I've 
described; that is, you cannot modify nu- 
merical data or make comparisons em- 
ploying any method other than the rank- 
ing system. However, the program can 

continued 
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import and export files in Lotus .WKS 
format, so if you need heavy-duty num- 
ber crunching, you can pop your file into 
(or out of) your favorite spreadsheet or 
analytical database. Reports can be gen- 
erated as standard text documents, or you 
can see them depicted as bar graphs. 

Perhaps the nicest feature lets several 
users get at the same data and develop 
their own ratings. Decision Pad will track 
the variations in the standings and report 
on how each member of the group has 
evaluated the data. 

You can play “what if" to your heart’s 
content, changing the data or reworking 
the scales. It's possible, of course, to 
alter the weights so that the results turn 
out exactly the way you want them; using 
this program effectively requires self- 
discipline. Even if you cheat, though, my 
hunch is that the process of preparing 
your information for Decision Pad will 
focus your attention оп meaningful de- 
tails you might otherwise overlook. At 
the very least, a session with this pro- 
gram will give you insight into the crite- 
ria you're applying to a decision. 

Alt the start of my testing, I was pre- 
pared to dislike Decision Pad. I thought it 
was going to be a way to use a computer to 
perform tasks better handled by scrawl- 
ing notes on a legal pad. Instead, I was 
delightfully surprised. Even if you get 
nothing from Decision Pad but a better 
understanding of your decision-making 
strategy, it's worth the price. 

Highly recommended. 


The Jury’s in on QuicKeys 

Last month, I mentioned that I hadn't had 
enough time to decide whether І liked 
QuicKeys (CE Software, $99.95), a key- 
board programming utility for the Macin- 
tosh. The jury is now in, and the verdict is 
favorable. QuicKeys is right up there with 
sliced bread, the Great Pyramid of 
Cheops, and other wonders. 

It's what is known as a keyboard en- 
hancer; you use it to assign commands, 
mouse Operations, and text strings to keys 
of your choosing. Anyone coming in 
from another operating system (MS-DOS 
or CP/M, say) already understands the 
concept; I'm amazed that it has taken this 
long for a good product like this to appear 
on the Mac. Nevertheless, here it is, and 
it's as invaluable as products like Smart- 
Key, ProKey, and SuperKey are in the 
IBM PC universe. 

Running the program is no big deal. 
You can define keyboard substitutes 
either by using a stand-alone application 
or by calling up a device-configuration 
screen from the Mac's Control Panel. 
QuicKeys can also be brought to life by 
hitting a hot key that avoids the Control 
Panel step. Once you're looking at the 
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Apian Software 
P.O. Box 1224 
Menlo Park, СА 94026 
(415) 851-8496 


CE Software 

801 73rd St. 

Des Moines, IA 50312 
(515) 224-1995 
Inquiry 950. 


QuicKeys panel, you select the type of 
operation (e.g., choosing a menu item, 
inserting text, defining a command alias, 
and clicking and dragging the mouse), 
then press the key or key combination 
thal will ever after invoke your definition. 
Every type of Mac action has a QuicKeys 
equivalent. 

Sets of QuicKeys can be saved to or 
loaded from disk at any time. This is a 
very smart program; it has both a univer- 
sal set of keys available wherever you are 
and the intelligence to let you create sets 
specific to the application you're running 
at the moment. To my delight, I discov- 
ered that the application-oriented stuff is 
not sacrificed under MultiFinder. Since 
QuicKeys intercepts your keystrokes be- 
fore passing them along to the operating 
system, your new keyboard shortcuts su- 
persede the command-key equivalents on 
the Mac menus so you can effectively re- 
define anything to suit your taste. 

This override process caused the only 
problem I had while getting adjusted to 
QuicKeys. The universal key set that 
comes with the program defines Com- 
mand-Q as an automatic, absolute 
"quit." While using MicroPhone, a tele- 
communications program that uses Com- 
mand-Q as an alias for Control-Q, I 
found myself aborting the program every 
time I tried to stop screen scrolling. This 
was easily fixed by redefining the quit 
maneuver to Option-Command-Q. 

Bear in mind that QuicKeys is not a 
macro recording program like Tempo; 
the product is a bit of a pain if you need to 
build complex macros. You're allowed to 
assign only one action to any particular 
key, so you can't simply log a series of 
operations and attach it to a single key- 
stroke. To work around this, QuicKeys 
does let you chain reassigned keystrokes 
into sequences, so you can build macros 


step by step. Think of each key as a vari- 
able and its related operation as a value, 
and you've got the basic idea. 

There are certainly enough key combi- 
nations to go around. QuicKeys recog- 
nizes the Shift, command, and option 
keys as unique modifiers, so every key 
represents eight different characters. On 
keyboards for the Mac SE and II, which 
have a separate Control key, the total 
jumps to 16. 

On an extended keyboard, you'd theo- 
retically have 1488 combinations to work 
with. To get some of the more obscure 
possibilities on my new DataDesk key- 
board, I figure I'd need both hands and 
my nose to hold down the correct keys at 
the same time. 

The number of keys on these extended 
keyboards does legislate a healthy amount 
of organization. Ás І get deeper into the 
product, І find myself regularly rethink- 
ing which keys do what. I certainly don't 
have the mental fortitude to master func- 
tion keys mapped to a depth of 16 levels. 
My personal maximum is about three per 
key. 

Also, it would be a big help to have 
similar actions located in the same region 
of the keyboard no matter what program 
l'm using. 

I'm also a little concerned that as I be- 
come addicted to QuicKeys, I'm losing 
touch with the Mac as a lowest-common- 
denominator machine. To explain: I've 
known many MS-DOS users who have be- 
come so dependent on a selection of util- 
ities and keyboard enhancements that they 
become paralyzed when they're forced to 
work on other people's computers. Will 
my customization of the Mac interface 
with QuicKeys ruin me for other Macs? 

But philosophical mutterings aside, 
QuicKeys is first-class software. It's 
never crashed on me, no matter how hard 
I've pounded on it. The documentation is 
excellent. QuicKeys is an absolute re- 
quirement if you have an extended key- 
board (particularly since no Mac pro- 
grams understand or use the function 
keys yet); if you're stuck with a standard 
keyboard, it's merely wonderful. 

There's an implicit irony in all this. 
Back in 1984, I heard an awful lot of 
sneering from rabid Macaholics who 
couldn't understand why anyone would 
want to use a keyboard instead of a 
mouse. Function keys and Control-key 
sequences? Phooey! 

My, how times have changed! ш 


Ezra Shapiro is a consulting editor for 
BYTE. Contact him c/o BYTE, One 
Phoenix Mill Lane, Peterborough, NH 
03458. Because of the volume of mail he 
receives, Ezra, regretfully, cannot re- 
spond to each inquiry. 
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Above* Board 2 is the first memory board 
for the Р5/2 that comes with the new expanded 
memory specification — LIM 4.0. 

Because only Above Board 2 comes from 
Intel. The company that developed LIM 4.0. 

SO now your users can access more 
memory. And run the very latest DOS appli- 
cation software well beyond 640K. Which will 
give everyone powerful, new capabilities they 
never thought possible. 

Above Board 2 also promises 10096 com- 
patibility with OS/2 application software. 

Along with guaranteeing compatibility 
with the Р5/25 microchannel technology. 

Add to that Intel's technical support, 
award-winning documentation and five-year 
warranty, and Above Board 2 is clearly your 
one and only choice. 

Of course you could always wait for the 
competition to catch ир. Ви, a 
where would that leave you? | 


For more mfonmmnon, cad! NDO- 5 18-1 17 3 паса ior al 


Abc, Intelinte! Corporation, РА, 0582 : 
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МІСКО-САР II. 
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ife with computers has evolved in funny ways. First, we 

learned to manage stacks of punch cards, then piles of 
floppy disks, then our virtual desktops. Next, they'll be ask- 
ing us to learn to manage memory. 

Maybe not. Some things are still best left to the machines 
themselves, and managing memory may be one of them. But 
understanding the dynamics of memory management helps 
us choose the right technology for a given task. 

The trend in microcomputer technology has always been 
toward more powerful hardware. Today, it is not uncommon 
to find personal computers with a megabyte or more of mem- 
ory and the capability to expand to 8 or 16 megabytes. Many 
microcomputers now come with sophisticated 32-bit proces- 
sors that either provide hardware support for memory man- 
agement on-chip (e.g., the CPU in a Compaq Deskpro 386) 
ог have a socket for adding a memory management unit (the 
Mac II, with a socket for Motorola's 68851 MMU). 

Ав usual, hardware technology outpaces software technol- 
ogy, and today's currently available operating systems use 
only a fraction of the potential of these machines. For MS- 
DOS, interim available solutions to the memory manage- 
ment problem include bank switching and multitasking 
shells that sit on top of DOS. Apple introduced MultiFinder 
in October 1987 to provide limited concurrent processing 
and background printing capability. However, these options 
are clearly short-term solutions. 

Meanwhile, software engineers are devising new operat- 
ing-system designs that can take advantage of the large ad- 
dress spaces provided by these sophisticated CPUs. These 
operating systems will be complex. They will be capable of 
running multiple applications that are protected from each 
other, yet allow these same applications to communicate in- 
formation among one another. The same complexity that 
gives these multitasking systems such power also requires 
much training and experience to tap their full capabilities. 
After the initial time investment, however, they will be safer 
and more interesting environments under which to program. 

This month, we chose to look at techniques that these op- 
erating systems use to manage the computer's main memory. 
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In addition to a general introduction to the subject, we pre- 
sent three examples of how these techniques are applied in 
three operating systems: OS/2, Unix, and the Macintosh op- 
erating system. 

In his “Overview of Memory Management," Randall L. 
Hyde discusses memory management techniques for per- 
sonal computers—past, present, and future. He covers the 
wide array of memory management techniques, from those 
implemented only in software to those that require hardware 
support for their proper operation. He discusses the relative 
merits of segmented and paged virtual memory. 

Vic Heller gives us an inside look at how OS/2 uses the 
80286 to implement segmented virtual memory. Іп his arti- 
cle “О5/2 Virtual Memory Management," we see how 
OQS/2's software data structures work with the 80286's hard- 
ware data structures to provide not only virtual memory but 
also dynamic linking and sharing of code segments. 

Unix is an alternative to OS/2. Unix has been running on 
680х05 for many years due to that processor's flat address 
space, but as Carl Hensler and Ken Sarno explain in their 
article "Marrying Unix and the 80386,” porting Unix to the 
80386 is quite easy. In addition, the 80386 offers modes that 
make it easy to run existing DOS applications. 

Finally, Alan Anderson, in "Macintosh Memory Manage- 
ment," gives us a look at the Mac's memory management 
system, which was present in the first 128K-byte RAM Macs 
and is still with us today in the Mac II. He explains how this 
memory management software works, along with its advan- 
tages for the end user and its pitfalls for the unwary program- 
mer. He concludes with a look at MultiFinder and how it was 
carefully crafted to provide compatibility with existing Mac 
software and concurrency among several applications. 

These articles show that microcomputer environments are 
evolving toward solutions that will allow us to harness the 
true potential locked within the new generation of 32-bit 
microcomputers, without jeopardizing our huge investment 


in existing software. 
—Eva White, Technical Editor 
Tom Thompson, Senior Technical Editor at Large 


MEMORY MANAGEMENT 


Overview of Memory 
Management 


Powerful hardware and plentiful memory make techniques for managing 
microcomputer memory more interesting—and necessary 


UNTIL RECENTLY, it has been too ex- 
pensive to provide hardware support for 
memory management on microcom- 
puters, or even enough memory to make 
it worthwhile to manage. But with the ad- 
vent of microprocessors with on-chip 
memory management and cheap mem- 
ory, many of the memory management 
techniques for mainframes are migrating 
to the world of microcomputers. 

More sophisticated memory manage- 
ment means faster and more reliable 
multitasking. With the emergence of 
multitasking systems on microcom- 
puters, it's time to dust off those college 
textbooks and look at some of the classic 
issues in memory management. I'll dis- 
cuss the memory management techniques 
that have become prevalent on microcom- 
puters and look at some others migrating 
to this realm—techniques such as paging, 
segmentation, or a combination of both. 
Other articles in this issue will look at 
specific examples of these techniques. 

À memory manager is a process, typi- 
cally within an operating system, that 
provides memory-related services to 
other processes. Нв job is to allocate and 
deallocate memory, swap code and data 
between main memory and secondary 
memory, protect one process from ап- 
other, and coordinate access to shared 
data between processes. 

Although many of the memory manag- 
er's tasks are easily done іп software, 
performance considerations often dictate 
the use of special memory management 
hardware. Some functions (like protec- 
tion) require assistance from a hardware 
memory management unit (ММО). 


Randall L. Hyde 


Because of the high costs of hardware 
support and memory, memory manage- 
ment on personal computers has typically 
бсеп done in software, When memory 
prices fell, bank-switching techniques 
were developed to extend the addressing 
range of machines while allowing people 
to use existing hardware and software. 
But bank switching is only an interim 
measure. Tomorrow's applications will 
run on new, sophisticated hardware that 
will let operating system designers make 
memory management practically trans- 
parent to the application developer and 
user alike. 


Software Memory Management 
Software-based memory managers pro- 
vide at least two functions: memory allo- 
cation and deallocation. To allocate 
memory, the requesting process specifies 
a block size. The memory manager re- 
turns the address of the block allocated to 
the process. When deallocating memory, 
the process provides the block address 
(and sometimes the length of the block as 
well), and the memory manager returns 
the memory to the free memory pool. 
After several allocation and dealloca- 
tion requests, free memory can divide 
into many small pieces spread throughout 
the address space. This memory frag- 
mentation reduces the largest block of 
memory available to a requesting pro- 
cess. If there isn't a block big enough to 
handle the request, the memory manager 
may attempt to rearrange the blocks in 
memory so that the free blocks are joined 
together in a single, large free block of 
memory. This technique, called garbage 


collection, is a convenient way to maxi- 
mize memory use. However, there are 
three problems with garbage collection: 
performance, contents, and pointers. 

The performance issue stems from the 
fact that to build а large free block of 
memory, large blocks of (currently used) 
memory might be moved (which takes a 
considerable amount of time). The per- 
formance problem, however burden- 
some, pales in comparison to the content 
and pointer problems. The content prob- 
lem arises if the memory manager moves 
a block of memory containing machine 
instructions that are referenced by other 
code (via calls and jumps). Those in- 
structions using this code will fail unless 
the garbage collector fixes the references. 

Whenever the memory manager allo- 
cates a block of memory to a process, it 
gives the process a pointer to the allo- 
cated block. Then the process uses that 
pointer to access the block of memory. 
But if the memory manager moves that 
block of memory via a garbage collection 
operation, that pointer will no longer 
point to its original data. 

A simple way to solve the pointer prob- 
lem is to make the memory manager 
aware of pointers that point into movable 
data blocks. Whenever the memory man- 
ager needs to move the block, it simply 
adjusts all pointers that point to the block 
so that they point into the block at its new 
location. The only problem with this ap- 
proach is thal the user process might 
make several copies of the pointer, all of 
which the memory manager must know 
and adjust when it moves the block. The 

continued 
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overhead for such a situation can quickly 
overwhelm the system. 

A memory manager can use handles to 
overcome the problem of keeping track of 
multiple pointers. A handle is a double 
indirect pointer—that is, a pointer to a 
pointer to the data. To access a data 
block, a process loads a temporary point- 
er variable with the value to which the 
handle points. The process then uses this 
temporary pointer to access the desired 
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data. Now when the memory manager 
wants to move a block of data around, it 
changes only the master pointer to the 
data. The handle that points to the pointer 
is still valid, as are any copies of the han- 
dle (see figure 1). (For a discussion of the 
Macintosh's handle-based memory man- 
ager, see "Macintosh Memory Manage- 
ment" by Alan Anderson on page 249.) 
However, handles are not without their 
own problems. They aren't particularly 
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efficient. After all, it takes much тоге 


time to access a block of data using a han- 
dle than it does using a straight pointer. 
Furthermore, address arithmetic isn't as 
convenient when using handles as it is 
when using straight pointers. You can't 
(safely) copy the pointer into a register 
and continually increment that pointer to 
access successive items in an array. À 
system call may result in a garbage col- 
lection operation that may cause the mas- 
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Figure 1: Handles can ease the memory manager's job of moving blocks to free space for allocation requests. The system can 
change the value of the master pointers without having to change the value of the handle embedded in the user programs. 
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ter pointer (but not your register) to point 
to a different location. Continuing to use 
the now invalid register value to access the 
array may produce unexpected results. 

Another disadvantage of handle-based 
memory managers is their complexity. 
There's alot more work involved in using 
handles than making calls to ALLOC and 
FREE. On systems like the Atari, Amiga, 
and IBM PC (under DOS), the memory 
manager routines may not provide so- 
phisticated garbage collection routines 
and other amenities, but these systems 
are easy to use. In fact, most of the mem- 
ory management routines provided on 
these systems correspond to those rou- 
tines provided by high-level languages 
like C or Pascal. 

Finally, it is very difficult to safely im- 
plement handles in à true multitasking 
environment. One process might derefer- 
ence a handle, but before accessing the 
specified memory location, a timer inter- 
rupt could come along and transfer con- 
trol to another process. That process 
might ask for some additional RAM that 
could force a garbage collection opera- 
tion. The garbage collection operation 
could move the data pointed to by the de- 
referenced handle, rendering the derefer- 
enced handle invalid. When control is 
returned to the original process, it will 
reference the incorrect memory location. 

The benefits gained by a handle-based 
system's complexity are easily lost as 
more and more memory is added to the 
system. Whereas garbage collection can 
be quite useful on a system with 1 mega- 
byte or less, as you approach 4, 8, or I6 
megabytes of system memory its useful- 
ness declines. With 8 megabytes of sys- 
lem RAM, most processes will be able to 
allocate al] the memory they need. An in- 
credible amount of activity, or a large 
number of concurrent processes, would 
be necessary before memory fragmenta- 
tion would cause a problem. 


Bank Switching: А Stopgap Measure 
Bank switching is an all-but-obsolete 
memory management technique used 
mainly to expand the capabilities of a ma- 
chine with a limited address space. It is 
present in systems like the Apple Пе and 
the IBM PC (via LIM/EMS systems). 
Bank switching extends the memory 
space of a processor by assigning several 
blocks of memory to the same memory 
address in the processor's address space. 
Whenever an access to the address range 
containing these blocks of memory is 
performed, only one of the blocks re- 
sponds. The choice of which block re- 
sponds to the access request is controlled 
by a bank selection register. By changing 
this register's content, a program can ac- 
cess different banks of RAM, thereby 


providing access to more memory than 
the processor can directly address. 

Bank switching suffers from two major 
drawbacks. First, controlling the bank se- 
lection register(s) is an exercise left to the 
application programmer. This compli- 
cates the program's design and intro- 
duces several problems related to pro- 
gram maintenance. Second, accessing 
the bank registers requires a certain 
amount of time—time taken away from 
the program. This results in a perfor- 
mance penalty for programs using bank 
switching techniques. The penalty can 
range from mild, for programs that rarely 
switch banks of memory, to extreme, for 
those that may have to switch banks be- 
tween each data access. 

Of course, bank switching is preferable 
to its alternatives: either living with the 
address space limitations of the processor 
(impractical for today's high-powered ap- 
plications) or swapping the data to and 
from the disk drive (as cumbersome as 
bank switching and far slower). 


Virtual Memory 

The best solution in a multiprogram- 
ming/multitasking environment is a vir- 
tual memory manager. With a virtual 
memory manager, the process can as- 
surne that the entire logical address space 
is available; the process need not make 
explicit memory manager calls. 

Paging and segmentation are the two 
main virtual memory techniques in use. 
Paging uses a fixed-size allocation 
scheme; segmentation uses variable-size 
blocks. In paging systems, the entire ad- 
dress space is partitioned into equal-size 
blocks, which are given to a process upon 
request. [nternal [fragmentation results 
when the process does not use the entire 
block. With segmentation systems, be- 
cause the programmer can specify the 
size of the block, there is little waste due 
to internal fragmentation; but external 
fragmentation occurs when blocks of 
available memory, scattered throughout 
memory, accumulate because they are 
too small to fill an allocation request. 

Whenever the process accesses a mem- 
ory location not currently in memory, the 
hardware signals that a fault has oc- 
curred, and the memory manager maps 
in a free page (or segment) for use by the 
process and returns control. If there 
aren't any free pages or segments of 
memory available, the memory manager 
attempts to free up some memory by writ- 
ing used blocks of data to disk and allo- 
cating that memory to the process. It then 
swaps these blocks back in if the process 
that owns them needs to access them. 

Generally, the programmer need not 
be concerned with the details of memory 
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management; there are, however, certain 
data structure considerations that will af- 
fect performance in paging systems. For 
example, languages such as Pascal and C 
store elements of an array in row major 
order. Other languages, such as FOR- 
TRAN and certain dialects of BASIC, 
Store array elements іп column major 
order. By knowing the orientation, the 
programmer can reduce page faults tre- 
mendously by using array indexes that 
follow the storage order. 

А simple paged memory management 
system is easy to implement in hardware. 
А set of page registers intercepts certain 
address bits from the CPU and translates 
these bits to a different value via a lookup 
table. This lets the system remap memory 
as desired. Figure 2 illustrates this re- 
mapping function. In this example, the 


Page register 


CPU supports 16 address lines. The 
lower 13 address lines are passed, un- 
changed, to the memory modules. The 
upper 3 bits are used as an index to select 
the appropriate page register. The 13 ad- 
dress lines, passed directly to the mem- 
ory module, determine the page size—in 
this case, 8K bytes. 

Operating systems can use paging 
schemes to extend the addressing range of 
a CPU in addition to remapping the ad- 
dress space. A CPU with a 16-bit address 
bus can be expanded to a 24-bit address 
bus with 256 16-bit page registers. The 
upper 8 bits of the logical address are fed 
into the page register array. Each page 
register is 16 bits long, and the 16-bit out- 
put is combined with the 8-bit offset (the 
lower 8 bits of the logical address) to 
yield a 24-bit physical address. This 


B pages of memory 
Page # 


Offset within page 


Figure 2: Example of a paging system that uses 3 bits of the CPU's 16 address lines 


as an index into the eight 8K-byte memory pages. 
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segment 
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Quasi-physical address 


Segment E 


scheme uses a page size of 256 bytes. The 
page size is determined by the number of 
bits passed directly from the CPU to the 
memory module. 

Paging systems, however, suffer from 
a few drawbacks. Manipulating page reg- 
isters can be time consuming. The exam- 
ples presented thus far use a 16-bit logical 
address. To use a 24-bit address bus with 
a 256-byte page size, the page registers 
will consume 128K bytes. Since the oper- 
ating system must save and reload the 
page register values every time it trans- 
fers CPU control to a different process, a 
considerable amount of time will be re- 
quired just to save and load the page reg- 
isters. Furthermore, those 128K bytes 
have to be fast, and that means expensive. 

For larger systems, most paging 
schemes use page table pointers, which 
point to page register values in main 
memory. These pointers usually take the 
form of a small associative cache mem- 
ory that keeps the most recently used 
page register values. Main memory ac- 
cess to the page table adds 5 percent to 10 
percent overhead, depending on the size 
of the page register's on-board cache. For 
example, the National Semiconductor 
32082 MMU maintains a 32-entry asso- 
ciative cache on-board and refers to main 
memory when a memory access cannot 
be translated with on-chip data. The 
32532 CPU with MMU provides a 64-en- 
try cache. The Motorola 68851 operates 
similarly, providing 64 entries in the as- 
sociative cache. 

To reduce the amount of fast storage 
required for page tables, the operating 
system can use larger page sizes. For a 
64K-byte page size, for example, it would 
need only 256 page registers to remap up 
to 16 megabytes of memory. Unfortu- 
nately, memory must be allocated in inte- 
gral page sizes. А process requesting 32 
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address 


Figure 3: A hybrid segmentation/paging system tends to reduce bath internal and external fragmentation. 
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additional bytes would be allocated a 
64K-byte page. Increasing the page size 
decreases the number of page registers 
required; however, it also increases the 
amount’ of waste due to internal frag- 
mentation. 

The National Semiconductor 32082 
MMU chip allocates memory in 512-byte 
pages. The National 32532 CPU chip, 
which includes an on-chip MMU, uses 
4K-byte pages. The Motorola 68851 chip 
lets the system designer select from vari- 
ous page sizes (e.g., 512, 1024, 2048, on 
up to 32K-byte), although you can em- 
ploy only one page size at any given time. 
This lets you decide about compromises 
between internal fragmentation problems 
and large page table sizes. 


Segmentation 

Segmentation eliminates the need for an 
expensive bank of page registers. Intel's 
80x86 and Zilog's 78000 families use 
segmentation techniques. Segmentation 
is unique in the sense that its effects are 
visible in both the logical and physical ad- 
dress spaces. Segmented addresses con- 
sist of a segrnent component and an offset 
component, usually specified by seg- 
ment:address. "Segment" represents 
the name of some block of storage, and 
"address" specifies an offset into that 
block. (For a discussion of a segmented 
memory manager, see "OS/2 Virtual 
Memory Management" by Vic Heller on 
page 227.) 

The advantage of segmentation over 
paging lies in the way programs are orga- 
nized. Most programs deal with only two 
distinct items: code and data. Data can be 
further divided into categories (¢.g., stat- 
ic data, dynamic data, stack data, shared 
айла, and constants). Segmentation 
works on the principle that a program 
will need to access only a limited number 
of items at one time. Even in the extreme 
example above, only six different items 
(thé code segment and the five data seg- 
ments) need be accessed at once. 

In a segrnentation system, you need a 
segment register for each concurrently 
referenced data segment. For the six 
items listed above, only six segment reg- 
isters are required to provide complete 
access. Compare this to the 65,536 page 
registers required in a system with a 24- 
bit logical address and a 256-byte page 
size. Segmentation, therefore, is not only 
more sophisticated than paging mecha- 
nisms (by adding two component logical 
addresses), but more economical as well. 

Segmentation is actually a powerful 
concept that has been given а bad name 
by Intel's earlier processors (pre-80386). 
Due to Intel's implementations, most 
people associate segmentation with a 
64K-byte addressing limit. This 18 a limi- 


tation of certain Intel processors because 
they allow only a 16-bit offset as part of 
the segmented address. The 80386 cor- 
rects this problem by allowing a 32-bit 
offset associated with each segment 
value. (For an example of an operating 
system that uses the memory manage- 
ment facilities of the 80386, see " Marry- 
ing Unix and the 80386" by Carl Hensler 
and Ken Sarno on page 237.) 


Sharing Memory 

Besides supplying ail the memory a pro- 
cess requests, memory management co- 
ordinates access to shared data between 
two or more processes. This could be 
something as simple as two users sharing 
the same copy of a compiler or editor in 
memory, or as complex as shared data 
structures for communication between 
multiple processes (e.g., cutting and 
pasting between two applications). Data 
sharing presents many challenges to the 
memory manager designer, as well as to 
the application designers exploiting these 
features, 

In a paging system, if two processes 
need to share a page of memory, a page 
register for each process points to the 
page they need to share. The major prob- 
lem with data sharing in paged-memory 
systems concerns the use of pointers. A 
pointer stored in a shared data structure 
may not point to the same item in the ad- 
dress spaces of both processes sharing 
that pointer. The only solution is to en- 
sure that the data which a shared pointer 
references is also shared and lies at the 
same logical address in both processes. 

Segmented systems don't have a prob- 
lem with pointers. Since a segmented ad- 
dress consists of two components, a seg- 
ment and an offset within that segment, a 
pointer containing these two elements 
provides all the information needed to ac- 
cess data anywhere in memory. 

Paging schemes have two major draw- 
backs: the large size of the page table re- 
quired for each process (which must be 
stored in main memory, further degrad- 
ing performance) and the problem with 
shared data structures. Segmentation sys- 
tems suffer from external fragmentation. 
Using a hybrid segmentation/paging 
scheme can solve these three problems. 

This system appears as a segmented 
system to the software. Once the segmen- 
tation hardware generates a " quasi-physi- 
cal" address, it then passes this address 
through a set of page registers to produce 
the true physical address (see figure 3). 
To the software, this system looks like a 
pure segmentation system, so all the ad- 
vantages of segmentation apply. The pag- 
ing hardware eliminates segmentation's 
big problem: external fragmentation. The 

continued 
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paging hardware remaps unused seg- 
ments to а contiguous memory pool for 
use by other processes. Even though pag- 
ing is used, there aren't any problems 
with data sharing since pointer addresses 
refer to the segmented addresses rather 
than physical addresses. 


Placement and Replacement 
Regardless of how a process requests 
memory, the virtual memory manager's 
job is to provide the memory. The mem- 
ory manager usually keeps track of free 
memory with a bit map or a linked list. 
With the fixed-size allocation blocks of a 
paged system, placement and replace- 
ment algorithms are very easy. Any 
block in memory can be remapped to any 
address. However, for segmentation and 
software-only schemes, the requested 
block of memory can be placed only in an 
area of memory currently unoccupied. If 
two or more such areas are free, then the 
memory manager must choose (using 
some algorithm) which free block to allo- 
cate for the request. 

А placement algorithm selects a free 
block in memory for a given request. 
Some well-known placement algorithms 
are first-fit, best-fit, and next-fit. First- 
fit allocates the first available block large 
enough to satisfy the request, best-fit al- 
locates the block closest in size to the re- 
quest, and next-fit allocates the next 
available block large enough to satisfy the 
request. 

The diagram in figure 4 shows a list of 
free and allocated memory blocks. The 
last block allocated was 14K bytes from a 
22K-byte block, which left an 8K-byte 


14 Allocated block 


fragment. If a process needs to allocate a 
16K-byte block, then the first-fit algo- 
rithm selects the first available block that 
satisfies the request, starting at the begin- 
ning of the memory pool. The best-fit al- 
gorithm also starts its search at the begin- 
ning of the list and selects the block 
closest in size to 16K bytes. The next-fit, 
however, will start its search at the point 
where the last block was allocated and 
select the next available block of suffi- 
cient size. 

As it turns out, the first-fit algorithm is 
not only the simplest but usually the best 
and fastest as well. The next-fit algorithm 
produces slightly worse results than the 
first-fit. The next-fit algorithm produces 
more external fragmentation than the 
first-fit because it always starts at the last 
block allocated and seeks the first avail- 
able block (of sufficient size) beyond that 
point. The result is that the largest block 
of free memory, which usually appears at 
the end of the memory space, is quickly 
broken up into smail fragments. 

The best-fit algorithm produces results 
inferior to the next-fit. Because the best- 
fit always searches for the smallest possi- 
bie block to satisfy the current request, 
this algorithm also guarantees that the 
amount of memory left over after the al- 
location occurs is as small as possible. 
Each memory request always wastes the 
smallest amount of memory; main mem- 
ory is quickly littered by blocks too small 
to satisfy memory allocation requests. 

[n a virtual memory system, the mem- 
ory manager often encounters a situation 
where one process is requesting a block 
too large to fit into memory. Since there 


Last allocated block (14K) 


[] Free block 


Figure 4: (а) A typical memory configuration after several allocation and 
deallocation operations. The last allocated block was a 14K-byte biock from a 22К- 
byte free block. (b) The difference between the first-, best-, and next-fit placement 
algorithms in satisfying a 16K-byte allocation request. First-fit will allocate 16K 
bytes from the 22K-byte block, leaving a 6K-byte block free. The best-fit will 
search the entire list looking for the closest fit; it will leave a 2K-byre block free, 
which is too small for most processes to use. The next-fit will start looking from the 
last allocated block. Often, it will break up the large blocks of memory that tend to 


be found at the end of memory. 


224 BYTE * APRIL 1988 


is insufficient storage for the request, the 
memory manager must make room for 
the request by writing certain blocks of 
data to disk, thereby freeing those blocks 
to satisfy the current request. Replace- 
ment algorithms decide which blocks of 
memory can be swapped out. 

A poor choice for the replacement al- 
gorithm may cause thrashing, a situation 
where the system may spend more time 
swapping blocks in and out of memory 
instead of operating on the data therein. 
To reduce this possibility, the replace- 
ment algorithm should select a block that 
won't be accessed for a considerable 
amount of time. The optimal-replace- 
ment algorithm holds that the best block 
to choose is the one that will be accessed 
the farthest in the future. Unfortunately, 
in most systems the order in which the 
blocks will be allocated is not known. 

The least recently used (LRU) algo- 
rithm is a good approximation of optimal 
replacement. It is based on the assump- 
tion that the likelihood that a process will 
access a block is usually inversely pro- 
portional to the amount of time that has 
passed since the last access. Temporal lo- 
cality is where blocks (or groups of 
blocks) tend to be accessed in widely 
spaced bursts rather than in evenly 
spaced intervals. Therefore, if a block 
hasn't been accessed in a while, it is a 
good tip-off that it won't be used for quite 
some time. 

Unfortunately, the LRU is too expen- 
sive to implement (in hardware or soft- 
ware) because each memory access re- 
quires a "time tag" to be written to a 
descriptor for that block. Whenever a 
block must be replaced in memory, the 
system must locate the oldest time tag and 
replace that block. Such operations in- 
volve considerable hardware and soft- 
ware overhead, so the LRU replacement 
algorithm is rarely used. 

A slight modification of LRU is the not 
recently used (МЕС) replacement algo- 
rithm. This algorithm classifies blocks 
into four categories based on memory 
references (В) and modifications (M). А 
mernory reference is any access (read or 
write) to a memory location. A memory 
modification occurs when that location is 
written to. Based on these two opera- 
tions, the following table rates them ac- 
cording to their "replaceability"': 


0: not referenced, not modified (. — ) 
]: not referenced, modified (м) 
2: referenced, not modified {В} 
3: referenced, modified (RM) 


(Class 1 occurs when a time-out opera- 
tion resets the referenced bit). 

The NRU algorithm picks a block of 
memory, at random, from the lowest- 
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numbered class and swaps that block to 
disk. The algorithm offers reasonable 
performance with very little hardware 
overhead. It is best if hardware maintains 
the M and R bits; otherwise, the memory 
manager would have to execute many in- 
structions for each user instruction that 
accessed memory. The National Semi- 
conductor MMU chips, for example, 
provide hardware to support the NRU ai- 
gorithm. The NRU algorithm is rela- 
tively easy to implement in hardware (it 
need handle only two additional bits) and 
doesn't place as much of a demand on the 
software as the LRU algorithm. 

Other popular replacement algorithms 
include FIFO and first-in/not-used/first- 
out (FINUFO). The FIFO algorithm 
keeps all the blocks in the system in a 
queue. Whenever a block must be re- 
placed, the FIFO algorithm replaces the 
block at the front of the queue and then 
moves that block to the tail of the queue. 
The FINUFO algorithm is similar, ex- 
cept that every time a block is accessed, it 
is moved to the end of the queue. Re- 
placement blocks are still taken from the 
front of the list and added to the end once 
they are swapped. The FINUFO algo- 
rithm tends io congregate often-accessed 
blocks at the end of the queue so that they 
are rarely swapped out of memory. 

[n the simplest virtual memory system 
that uses paging, a process begins 
without any of its pages in memory. As 
soon as the CPU attempts to execute the 
first instruction, it will access a memory 
location not present in real (as opposed to 
virtual) memory. This will cause a page 
fault, requiring the mernory manager to 
load the page containing the first page of 
the program. With each memory access 
outside this first page, or when the pro- 
gram "falls" into the next page, the mem- 
ory manager loads the appropriate page 
of memory. This is called "demand pag- 
ing" because pages are swapped in and 
out on demand. 


Demand Paging 

Usually, processes do not access many 
different pages in memory. Rather, most 
programs exhibit a locality of reference. 
During any point in the execution of the 
program, it wil] access only a small num- 
ber of pages. The set of pages in use by a 
program at any given time is called its 
working sei. In a demand-paged model, it 
may take 20 or more page faults before a 
process's working set is present in mem- 
огу. Since the overhead associated with a 
page fault is rather high, the performance 
of the entire system is degraded. Many 
high-performance memory managers at- 
tempt to keep track of а process's work- 
ing set. Whenever a process is swapped 
into memory, the memory manager at- 


tempts to load the entire working set. 
This working set model (also called pre- 
paging) reduces the system overhead 
considerably, 

In a virtual memory system employing 
segmentation, entire segments (rather 
than pages) are usually swapped in and 
out of memory. The principle of locality 
applies to segments as well. At any time, 
a process will access only a couple of seg- 
ments. Since a code segment typically 
contains many more instructions than а 
page. and a data segment usualiy contains 
much more data than a page, thrashing is 
not as much of a problem with segmenta- 
tion. In fact, swapping in an entire seg- 
ment is a form of prepaging. 

Nevertheless, the working set model 
applies to segmentation systems as well 
as to paging systems. At any given time, 
the process accesses a certain set of seg- 
ments. These segments form the working 
set for that process at that particular time. 
The virtual memory manager, to ensure 
the highest performance, should attempt 
to load the working set of segments for a 
process when it is being swapped into 
memory. Segmentation's benefits work 
against it as well. Although loading a seg- 
ment is a form of prepaging, segmenta- 
tton suffers from the fact that segments 
are usually much larger than pages and 
hence take more time to swap to and from 
the disk. 


Trend Toward Virtual Memory 

Most microcomputer systems rely on 
software solutions to the memory man- 
agement problem. They coordinate the 
use of allocated and deallocated blocks of 
memory, but most leave protection con- 
straints to the individual programs. 

Within 5 years, most (new) computer 
systems wil! routinely incorporate mem- 
ory management hardware. Operating 
system designers will be able to provide 
virtual memory easily. The choice will 
be between segmentation, paging, or a 
hybrid segmentation scheme. 

The trend in hardware is toward power- 
ful on-chip hardware MMUs. Currently 
the 80386, 32532, Fairchild Clipper, and 
68030 CPUs all provide sophisticated 
hardware memory management. In a few 
years, most personal computers (since 
they will be using chips such as these) 
will support hardware memory manage- 
ment and virtual memory. Today's com- 
plex software memory allocation and 
deallocation schemes will give way to 
systems in which memory management is 
totally transparent to the programmer. № 


Randall L. Hyde (Genest Technologies, 
Santa Ana, California) received his MS 
and BS in computer science from the Uni- 
versity of California, Riverside. 
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OS/2 Virtual Memory 
Management 


How OS/2's hardware and software data structures work together to provide 
virtual memory, dynamic linking, and sharing of code 


MICROSOFT О5/2 MEMORY manage- 
ment takes advantage of the 80286's 
fault-handling capability to support seg- 
ment-based virtual memory. Programs 
link dynamically at load time or run time 
or both to library modules for system ser- 
vices; independent software packages 
can use dynamic-link library (DLL) 
modules to share code and data used by 
multiple related applicauons. I'll give an 
inside look at the design of OS/2’s mem- 
ory manager version 1.1 as an example of 
segmented virtual memory management. 

Providing the virtua] memory, as well 
as the dynamic linking and sharing of 
code between tasks, requires some care- 
fully thought out data structures. The 
80286 supplies hardware support for pro- 
tecling tasks from each other, but we also 
need to keep track of allocated and unal- 
located memory and the status of a task's 
segments (e.g.. present, swapped, dis- 
carded. or allocate on demand (AOD)). 
We need to be able to find a segment that 
is not present. [f there isn't enough physi- 
cal memory for an allocation request, the 
memory compactor must be able to deter- 
mine whether it can move segments 
around to make room, or if it will have to 
discard or swap some segments out of 
memory. Providing the ability to share 
data among tasks adds another dimension 
to the complexity of the system. Г] look 
at the data structures OS/2 uses and ex- 
plain how they work together. 

Figure | shows OS/2's hardware and 
software data structures. Each task has a 
per task data area (PTDA) created by 
OS/2. Every executable or DLL file has a 
module table entry (MTE) as part of its 
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header. The operating system reads the 
MTE into memory when it loads a pro- 
gram or library module. The PTDA con- 
tains data global to the task (local de- 
scriptor table (LDT) information, thread 
count, and so on) and some data specific 
to each thread of execution within the task 
(current register contents and so forth); 
the MTE contains each segment's size, 
location in the file, and other type infor- 
mation. The system uses the PTDA to lo- 
cate a single descriptor that maps a seg- 
ment so it can be edited when the state 
changes. The system uses the MTE to 
find the executable or DLL file informa- 
tion so it can find and read the segment 
contents into memory. 

The 80286 hardware provides each 
task with an array of segment “descrip- 
tor" structures (LDT) to restrict each 
task's access to those segments the oper- 
ating system allows. А valid descriptor 
entry contains a user segment's physical 
address, size, and access rights (read/ 
write/execute). The operation of placing 
a selector into a segment register causes 
the 80286 hardware to use the selector to 
index the LDT, fetch the corresponding 
LDT descriptor, and allow access and 
limit checking during each subsequent 
memory reference. Figure 2 shows an 
LDT entry (descriptor), along with the 
format for a selector and the segment reg- 
isters with their hidden descriptor cache. 

The LDT descriptors work closely 
with two software data structures: the 
physical arena and the handle table. In 
fact, starting with any one of these struc- 
tures, the system can find either one of 
the others. 


The physical arena is a list of headers 
that keeps track of all available physical 
memory by linking free and allocated 
blocks of memory. À header holds a seg- 
ment's handle, owner, and last detected 
access lime (time stamp). The handle 
table holds more permanent information 
that the system must have when a segment 
is not present in the physical arena—in- 
formation such as the segment's selector, 
owner, swap ID, and state. 

The 80286 provides an accessed bit in 
each descriptor that assists the operating 
system in choosing which segments can 
be swapped out or discarded. The hard- 
ware sets this bit whenever it accesses the 
corresponding segment. On the order of 
once per second, OS/2 examines and 
clears these bits, and updates the physical 
arena time stamps for each accessed seg- 
ment. When physical memory becomes 
scarce, OS/2 builds a simple ordered list 
of the segments, with the oldest time 
stamps first. This list is rebuilt when it is 
exhausted (all its entries are discarded or 
swapped) or when significant physical 
arena changes take place. 

The compactor uses the handle table 
and owner to modify the descriptor and 
handle states of segments that it moves, 
swaps, or discards. When a segment is 
not present, the handle state tells whether 
the segment is swapped, discarded, 
AOD, or in transition (being swapped or 
moved), and part of the handle table's ad- 
dress field is used to identify the owner. 
If the segment is swapped out, the ad- 
dress field also contains the swap ID. A 
swap ID indexes the swap control table 

continued 
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(SCT), which tells where the segrnent is 
located in the swap file. When the state of 
a segment is discarded or AOD, the sys- 
tem uses the owner ID to locate the МТЕ, 
which contains information about where 
to find the segment contents. 

When the system swaps out or discards 
a segment, it moves the segment's owner 
into the handle table, and the handle is 
stored in the LDT descriptor's address 
field. If a descriptor's access is marked 
"not present," the hardware does not de- 
pend on ihe contents of ihe address field, 
which lets OS/2 overlay the address field 
with the segment's handle. 


Dynamic Linking and Sharing 
Executable and DLL files have relocation 
records that encode internal and external 
references that OS/2 must resolve when it 
loads the files. Because the system allo- 
cates selectors for each segment defined 
by an executable or library module when 
a module is loaded, internal segment or 
far pointer references are not resolved at 
link time; they must be resolved at load 
time. Because DLL modules can be indi- 
vidually replaced, all external references 
to library modules must also be resolved 
at load time. 

Segments can share their virtual ad- 
dresses, their contents, or both. Each 
LDT has separate shared and private se- 
lector regions. Selectors that map to de- 
scriptors in the private region are called 
private selectors: those that map to de- 
scriptors in the shared region are called 
shared selectors. Figure 3 graphically de- 
picts the difference between the two. 

Private and shared selectors are inter- 
leaved to allow for the smallest possible 
LDT size (see figure 1). The selector type 
is independent of whether the segment 
contents are shared; table 1 shows the 
four possible combinations of shared and 
private selectors and shared and private 
memory. 


Figure 1: The hardware and software 
data structures that OS/2 uses. This 
example shows the state of three 
segments in the task EXEI. Segment A 
is an example of an EXE file code 
segment that is currently discarded. 
Notice it uses a private selector, and 
the handle table entry shows that 
segment A's owner is EXEI's MTE. 
Segment B is currently swapped to disk 
and has a shared selector. The owner 
of segment B is EXEI's PTDA. Segment 
C is present in memory and has a 
private selector, Since it is present in 
memory, its physical arena header 
points to its owner, EXE! 's PTDA. 
Notice the shared and private segment 
descriptors are interleaved in a 3-to-1 
ratio. 
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Private, dynamically allocated data 
segments also use private selectors and 
private memory. Shared, dynamically al- 
located data segments (both named 
shared and unnamed shared) use shared 
selectors and shared memory to let an ap- 
plication dynamically attach to shared 
segments. 

When the system allocates a shared se- 
lector, the corresponding descriptor is 
reserved in all tasks for the purpose of 
mapping a single segment. Shared selec- 
tors are always used for library module 
segments, because an application can dy- 
namically attach to any library module, If 
the library module is in memory, its se- 
lectors have already been allocated, and 
they must be available in the caller's con- 
text to map the library's segments. 

OS/2 uses private selectors for all of an 
executable module's segments. If shared 
selectors were used, large numbers of 
shared selectors would be reserved. Since 
a task can attach only to an executable 
module while the task is being created, 
OS/2 can guarantee allocation of specific 
private selectors, because the LDT starts 
out empty. 

To show why an executable file must 
use private selectors, consider an execut- 
able file that contains 100 segments and 
uses shared selectors: When this execut- 
able file is active, 100 shared selectors 
would be reserved in every task's con- 
text, including tasks that do not (and can- 
not ever) reference the executable file. 
When new segments that require shared 
selectors are created (i.e., another exe- 
cutable file is added to the system), nu- 
merically greater selectors must be allo- 
cated, which results in the growth of 
every LDT that contains a reference to the 
new segments. LDT memory waste would 
increase with each executable file in use. 

Executable and library module code 
segments always share their contents. 
You can declare data segments al link 
time as private or shared. If a segment is 
shared between tasks, the system dupli- 
cates the LDT descriptor contents among 
all tasks that reference the segment, and 
only one handle and physical memory 
segment exist for the segment. [f a seg- 
ment's contents are private, the system 
loads a new copy of the segment for each 
referencing task. The segment's contents 
may vary from one task to another over 
time, but each task's copy is referenced 
using the same selector value and has the 
same initial contents and size. 

The owner ID of a private segment is 
the handle of the task's PTDA, so that 
when а segment's state changes, the sin- 
gle appropriate descriptor can be easily 
found and updated. The example in fig- 
ure | shows that the owner field for the 

continued 
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Figure 2: The 80286 hardware structures work together to provide memory 
protection. The action of loading a segment Selector into a segment register causes 
the 80286 to use the selector to index into the LDT and use the corresponding 
segment descriptor for limit and access checking. 
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two private segments points to the task's 
PTDA; the owner for the discarded seg- 
ment can be found in the handle table en- 
try A, while the owner for the present 
segment can be found in the physical 
arena header. 

The owner ID of a shared program or 
library module segment is the handle of 
the module's MTE segment. The PTDA 
cannot be used as the owner because 
multiple LDTs can reference the same 
shared segment. One descriptor in each 
LDT must be examined to see if it maps 
the same segment prior to performing de- 
scriptor updates. For the shared segment 
in handle table entry А in figure 1, the 
owner field points to the EXE1's MTE, 

When a shared segment changes state, 
the system must find and update all de- 
scriptors that map that segment. To avoid 
the overhead of maintaining an additional 
data structure to enumerate the tasks that 
reference each shared segment, the sys- 
tem examines the appropriate descriptor 
in each LDT to see if that segment is 
being referenced. It then updates each de- 
scriptor that matches the search criteria. 

Private segments may be allocated be- 
cause of an executable or library module 
segment definition, or they may be dy- 
namically allocated via a system call. 
Since the hardware does not support si- 
multaneous read/write/execute access via 
a single LDT selector, OS/2 allows an 
LDT code alias selector to be created to 
execute code in private data segments 
(non-"huge" data segments only). You 
can use this feature to support efficient 
video display raster operations needed by 
graphics software. 

Two additional types of dynamic 
shared memory are also available: named 
and unnamed shared segments. Named 
shared segments, allocated via a system 
call, allow communication between tasks 
that don't already share program or li- 
brary references. Unnamed shared seg- 
ments (also allocated via a system call) let 
the caller specify any combination of 
GIVE, GET, and DISCARD attributes. 

If a segment has the GIVE attribute, 
any task that has access to the segment 
can give another task access. If a segment 
has the GET attribute, any task can ob- 
tain access if it knows the shared selector 
reserved for the segment. Finally, if an 
unnamed shared segment is allocated as 
DISCARDable, the user can change the 
segment back and forth between swap- 
pable and discardable. When discarded, 
any data stored in the segment will be 
lost. The application is responsible for 
being able to re-create the data (if 
necessary). 

One use of discardable segments of this 
type is to store video display data that is 

continued 
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code segment 


Physical 
arena header 


| Segment | 
contents 


Shared TEST.DLL 
code segment 


Figure 3: The difference between 
private and shared selectors. Private 
selector E maps the same shared 
(code) segment for all invocations of an 
executable file. Other tasks may use 
selector E for other purposes. Shared 
selector S maps the same shared (code) 
segment for all tasks attached to the 
TEST. DLL dynalink library. Shared 
selector S is reserved for the TEST. DLL 
segment; other tasks cannot use 
selector S for any other purpose. 
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Table 1: Four combinations of shared and private selectors and shared 


and private memory are possible. 


Selector Memory 


Private 
Shared 
Private 
Shared 


Private 
Private 
Shared 
Shared 


temporarily overwritten and restored. ЇЇ 
the system discards the display data due 
to low-memory conditions, you can al- 
ways recreate it. If the video data is still 
available when needed, you can easily 
and quickly update the display. 

Since many data structures are much 
larger than the 64K-byte segment size 
supported by the 80286, OS/2 provides 


Origin 


EXE file private data segment 
EXE file code or shared data segment 
DLL fila private data segment 
OLL file code or shared data segment 


for "huge" segment allocation. This is 
made up of an array of individual seg- 
ments; all but the last in the array are 
exactly 64K bytes in length, and consecu- 
tive segments are addressable by adding a 
constant increment multiple to the selec- 
tor of the first segment. 

The constant to be added to the base 
selector is available to an application 
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through a special dynamic-link reference. 
High-level language support for huge 
pointer manipulation is available that 
makes use of this constant; the value of 
the constant can change, so it should 
never be embedded in an application. 
This is the only case where an application 
can perform arithmetic on selector values. 

Consecutive full-size data segments 
with consistent attributes that appear in a 
program or library module will be treated 
as adjacent huge subsegments. You can 
also allocate private and unnamed shared 
memory as huge segments. 

When loaded from nonremovable 
media (e.g., a hard disk), the system al- 
ways makes program and library module 
code segments discardable. Since these 
segments cannot be modified, you can re- 
store their contents at any time by reading 
the program or library module file and 
performing any necessary relocation fix- 
ups. Program and library module writ- 
able segments and most run-time allo- 
cated segments are made swappable, 
since their contents may have changed 
from when they were initially loaded. 

Some dynamic allocation requests re- 
sult in allocating segments not present in 
physical memory. When the application 
first accesses the segment, the system al- 
locates the memory. This is done when 
huge segments are allocated, to avoid un- 
necessary swapping when allocating 
enough memory to completely satisfy the 
huge allocation request. 

The total of free, discardable, and 
swappable memory must always be large 
enough to let at least one task at a time 
reload enough segments to execute. Fixed 
and locked segments can reduce this 
total. The system performs overcommit 
accounting to ensure that a demand load 
request can be satisfied at any time. 
(Overcommit accounting is the allocation 
of more virtual memory than can be 
stored at once in the available physical 
memory.) Fixed allocation and long-term 
lock requests will fail if the resulting total 
of free, discardable, and swappable 
memory would be too small to reload one 
task's currently referenced segment. 

The system swaps segments to a data 
file, which cannot always be grown at the 
time of a swap-out request; the disk space 
may not be available. The system must 
keep the swap file large enough to handle 
swapping out a predictable amount of 
memory, in advance of the need. To ac- 
complish this, the system grows the swap 
file whenever it allocates new swappable 
segments. If a growth attempt fails, it re- 
fuses the new segment allocation request. 


Some Tips on Usage 
All system services are referenced via 
dynamic links to library modules. OS/2 


OS/2 kernel code 
supports some 
services directly, while 
other services are part 
of bona fide library 
modules. 


kernel! code supports some services di- 
rectly, while others are part of bona fide 
library modules. А programmer refer- 
ences a system service as if it were a nor- 
mal far procedure call with the Pascal 
calling convention (the callee cleans 
parameters off the stack). Having a con- 
sistent procedure-call interface makes 
system services directly available to as- 
sembly language programs and several 
high-level languages, including Pascal. 
FORTRAN, and C, assuming a small 
amount of compiler support for the latter. 
The linker recognizes a dynamic-link 
definition in a provided library, and it 
turns the reference into a relocation 
record processed at program load time to 
resolve the final virtual address. 

It is best to minimize the number of in- 
dividual code and data segments. This is 
because segment allocation requests are 
rounded up to the granularity of the phys- 
ical memory manager (32-byte multi- 
ples), and because additional memory is 
consumed for LDT descriptors, handles, 
and physical arena headers. You must 
separate program and library module 
shared and private data, so one type of 
data should be eliminated if it can be done 
without compromising the rest of the 
module. Reducing or eliminating library 
module private data is particularly useful 
because the effect is multiplied by the 
number of processes attached to the li- 
brary module. 

It is also helpful to put nontrivial ini- 
tialization code and data into segments 
separate from the main code and data. 
Explicitly freeing these segments after 
initialization will release valuable mem- 
ory or swap-file space if swapping is dis- 
abled or if the module is loaded from re- 
movable media. Also, rarely used code 
should be put into separate segments. 
This will reduce overall memory require- 
ments because only the most frequently 
used portions of the program will be in 
memory. @ 


Vic Heller is the lead technical system 
software engineer for OS/2's virtual 
memory manager at Microsoft Corp., 
Redmond, WA. 
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MEMORY MANAGEMENT 


Marrying 
Unix and the 80386. 


How a Unix kernel design takes advantage 
of the 80386's memory management hardware 


А CRITICAL ISSUE in designing а 
mulutasking operating system such as 
Unix is how to protect the programs that 
are sharing system memory. This is 
called memory management. The Unix 
executive program, called the Kernel, 
solves the memory protection problem by 
giving each program its own virtual ad- 
dress space. The memory management 
hardware and software must map the vir- 
tual address space seen by a program into 
the physical memory that has been allo- 
cated to the program, and must prevent 
access to memory that has not been allo- 
cated to it. 

The Intel 80386 processor provides 
powerful, flexible, and extremely fast 
memory management hardware that 
makes implementing Unix relatively 
easy. It provides paged virtual memory 
with all the segment translation and pro- 
tection architecture of the 80286 and can 
execute im a 16-bit mode to maintain 
backward compatibility with 80286 ver- 
sions of Unix. 

In virtual 8086 mode, the 80386 emu- 
lates the 8086, making it possible to run 
MS-DOS programs under Unix. In the 
standard 32-bit mode, segments can be 
made so large that only one segment 15 
needed, simplifying programming and 
eliminating cycle-wasting segment regis- 
ter loading. 

How can the 80386's memory man- 
agement hardware be best used in a Unix 
kernel? We will discuss a series of design 
issues and the alternatives. The design we 
describe is not identical to any existing 
implementation of the Unix kernel on the 
80386, but it is quite similar to the ones 
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with which we are familiar. 

However, before leaping into kernel 
design, let's briefly review the multistep 
process through which an 80386 trans- 
Jates a program's virtual address into the 
corresponding physical memory address. 


Address Translation 

A virtual address generated by instruc- 
tion fetching or execution is translated by 
segmentation hardware into a 32-bit, in- 
termediate linear address, which is in 
turn translated by paging hardware into a 
32-bit physical memory address, as 
shown in figure 1. 

In the 80386, a virtual address has two 
components: a segment register specifi- 
cation and an offset in the memory seg- 
ment described by the segment register. 
A virtual address is translated into a lin- 
ear address by adding the offset compo- 
nent to the segment base value in the 
specified segment register. 

Pages are 4096-byte memory units, 
and page frames are pages af physical 
memory. The processor's page directory 
base register (PDBR) points to the page 
directory, entries in the page directory 
point to page tables, and entries in the 
page tables point to pages of physical 
memory. The page directory and the 
page tables are each one page in size, and 
each contains 1024 4-byte page table en- 
tries (PTE). A PTE contains a page frame 
address and some page attribute bits. 

The processor translates a linear ad- 
dress by breaking it into directory, page, 
and offset fields. The [O-bit directory 
field is used as an index into the page di- 
rectory to select a PTE that points to a 


page table. The 10-bit page field is used 
as an index into the page table to select a 
PTE that points to the page that contains 
the linear address. The |2-bit offset field 
is combined with the address of the page 
to form the physical address. 

Thus, each entry in the page directory 
maps a 4-megabyte (1024 х 4096 bytes) 
section of the linear address space to a 
page table, and each entry т a page table 
maps a 4096-byte section to a memory 
page, as shown in figure 2. Note that the 
mapping between virtual and physical ad- 
dresses can be changed incrementally by 
changing a PTE, or it can be changed 
completely by loading the address of a 
new page directory into the PDBR. 


Page Faults 

Each PTE has a present bit that indicates 
whether the entry can be used for address 
translation. If the present bit is not set in a 
PTE when it is used for translation, exe- 
cution of the instruction that caused the 
translation is terminated as if it had not 
begun; the address that was being trans- 
lated is put in a register where it 15 acces- 
sible to operating system software; and a 
page fault exception is generated. 

The software that handles the page 
fault exception can correct the fault by al- 
locating a page frame, loading the appro- 
priate data into the page frame, putting 
the page frame address into the PTE, set- 
ting the present bit, and returning from 
the exception to the instruction that 
caused the fault. This time, the present 
bit is set and the translation succeeds. 
The ability to correct page faults by 

continued 
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allocating a page that was not present and 
then restarting the instruction is essential 
for implementing demand paging. 


Memory Protection 

The 80386 provides memory protection 
during segment and page translation. The 
processor runs at a current privilege level 
that is compared to the privilege levels of 
segments and pages during address trans- 
lation. The processor completes a seg- 
ment or page address translation only if it 
is running at a current privilege level as 
high as that of the segment or page. Unix 


Virtual address 


Segment — 
specification 


Linear address 


Рада 
directory 


runs at two privilege levels: a lower level 
when running user programs, and a higher 
level when running the kernel. 

In addition to privilege restrictions, the 
80386 checks segment offsets against a 
segment limit in the segment register to 
verify that the virtual address is within 
the segment's boundaries. Segments and 
pages can be marked read-only, so that 
they are protected from writing. Unfortu- 
nately, read-only protection for pages 
works only when the processor is running 
at user level. Read-only protection for 
pages is ignored at kernel level. 


Offset 


12 Ü 


Physical 
address 


Figure 1: 7he 80386 uses segmentation and paging to translate a virtual address 


into a physical memory location. 


4 megabytes 


32-bit 
4-gigabyte 
linear 
address 


space 


Figure 2: The 80386 s page translation uses page directories, page tables, and 


page frames. 
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Segmented versus Nonsegmented 
Addressing 

There are two addressing models, seg- 
mented and nonsegmented, that can be 
used on the 80286 and 80386. The seg- 
mented model allows a program to use 
many segments. Before a program can ac- 
cess a variable, it must load a segment 
register, unless it knows that a register al- 
ready specifies the segment that contains 
the variable. This means that a C lan- 
guage pointer variable must include both 
a segment selector and an offset. Derefer- 
encing a segmented pointer is very slow 
on the 80286 and 80386 because the se- 
lector must be loaded into a segment reg- 
ister, and loading a segment register 
takes 8 times longer than loading a data 
register. 

The alternative is the nonsegmented 
model, in which a program uses only one 
segment, and virtual addresses are sim- 
ply offsets in that segment. АП the seg- 
ment registers have the same segment 
base and limit and are never reloaded 
while the program is running. This limits 
the program size to the maximum seg- 
ment size, but the maximum segment size 
on the 80386 is 4 gigabytes, the full 32- 
bit linear address range. 

Thus, we can use the faster nonseg- 
mented addressing model and still have 
an address space much larger than the 
amount of memory that could be installed 
in any contemporary computer. This is 
the simplest and most efficient way to use 
the 80386, and our design will assume it. 

А special case of the nonsegmented 
model on the 80386 is the flat model, 
which uses segments that have a segment 
base value of 0. Since offsets are added to 
О to produce linear addresses, virtual and 
linear addresses are identical in the flat 
model, and segmentation becomes invis- 
ible unless we use segment limits for pro- 
tection. This simplifies some things, and 
both 80386 Unix kernels with which we 
are familiar use the flat model. 


Separate or Combined User and 
Kernel Address Spaces 

A Unix process is the environment in 
which a user program runs under control 
of the kernel. A process runs in either 
user mode or kernel mode. When user 
program instructions are being executed, 
the process is in user mode and can ac- 
cess only the memory allocated to the 
user program. It cannot access memory 
allocated to another process or to the 
kernel. 

When kernel program instructions are 
being executed to provide a service for 
the user program, the process is in kernel 
mode, and it has access to both the user 
program's data and the kernel program's 
data. À process switches from user mode 
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to kernel mode when it requests an oper- 
ating system service, and it switches back 
to user mode when the service has been 
performed. 

Our first design issue is whether to 
separate the user and kernel mode linear 
address spaces. It is possible to run the 
user program and the kernel in entirely 
different linear address spaces, so that 
the user program could not possibly ac- 
cess the kernel's memory. This would re- 
quire having two different page directo- 
ries for user and kernel! modes, and 
making the transition from user to kernel 
mode through a task gate, because that is 
the only way to get a new page directory 
base pointer loaded automatically. 

The simpler and more efficient solu- 
tion is to have a single linear address 
space that is shared by both the user pro- 
cess and the kernel. Most of the linear ad- 
dress range is reserved for the user pro- 
gram, and oniy a small part is used by the 
kernel. Thus, a process can use the same 
page directory in user mode and kernel 
mode, and it can switch from user to ker- 
nel mode without reloading the PDBR. 
When you have 4 gigabytes to play with, 
taking a small fraction of it away from the 
user program 15 a small price to pay for 
simplicity . 


Who's on Top? 

The next issue is how to divide up the lin- 
ear address space. The kernel could be at 
the lower end or the higher end of the lin- 
ear address space. This issue is decided 
for you if you wish to be able to use the 
80386's virtual 8086 mode, which lets 
you run 8086 programs in protected 
mode, and thus run MS-DOS programs 
under Unix. Іп this mode, the 8086's 1- 
megabyte address range is translated to 
the low end of the linear address space, 
bypassing the usual protected-mode seg- 
ment translation. If we want to be able to 
use virtual 8086 mode, we must therefore 
put the user program at the low end. 

If we do not care about virtual 8086 
mode, we might choose to put the kernel 
at the low end of the linear address space 
because then we could run the kernel 
without page translation enabled during 
start-up. However, the implementations 
with which we are familiar both place thc 
kernel at the high end, and we will as- 
sume the same arrangement here. 


User and Kernel Segment Layout 
Now we must decide how to lay out the 
user and kernel segments. Since the user 
program is at the lower end of the linear 
address space, we base the user segments 
at linear address 0, and we set their limits 
so that they do not extend into the ker- 
nel’s part of the linear address space. 
continued 
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This protects the kernel from user pro- 
grams without using page protection. 

We can base the kernel segments at 0 
so that they overlap the user segments, or 
we can base them at the linear address at 
which the kernel starts so that the seg- 
ments do not overlap. If the segments 
overlap, we run the risk that a bug in the 
kernel code will accidentally access a lo- 
cation in the user program without caus- 
ing a protection exception. 

Thus, from a protection standpoint, it 
is better to keep the segments separate, 
but it is simpler and more efficient to base 
them all at 0, so that a piece of data in the 
user program is al a kernel virtual ad- 
dress that is the same as the user virtual 
address. Then, when а user program 
passes an address in a system call to the 
kernel, the kernel: can access that address 
without loading the user data segment se- 
lector into a segment register. 


Kernel Sections 

How is the kernel's part of the linear ad- 
dress space to be mapped to physical 
memory? The kernel has three sections 
that use fundamentally different page 
mappings: 


е Staucally mapped physical memory. 
* Dynamically allocated kernel memory. 
* The U area, 


The kernel text and static data are loaded 
from the kernel executable file during 
Unix start-up. They are typically loaded 
as contiguously as possible into low phys- 
ical memory by the boot loader, though 
the hole between 640K bytes and ] mega- 
byte on AT clones presents an obstacle. 
Thus, the lower end of physical memory 
contains the kernel code and static data. 

It is convenient if all physical memory 
1s mapped into the kernel virtual address 
space so that the kernel can get to any of it 
without changing page tables. One or 
more page directory entries and page 
tables can map the low end of the kernel's 
section of the linear address space to all 
physical memory. This maps the virtual 
address range of the kernel's code and 
static data into the physical memory ad- 
dress range in which they are loaded, and 
also gives the kernel easy access to all 
physical memory. The virtual address of 
a byte of physical memory is its physical 
address plus the base linear address of the 
kernel. 

Usually, most of the memory needed 
by the kernel for its own internal use is 
statically allocated at the time the kerne! 
15 linked. Іп addition, the kernel must be 
able to dynamically allocate pieces of 
memory for its own use. Since the page 
frames of physical memory that are free 
for allocation at any point are unlikely to 
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be adjacent in memory, the kernel must 
be able to map a contiguous section of its 
virtual address space, of the size needed, 
into randomly located pages. This means 
that the kernel must have one or more 
page directory entries and pape tables it 
can use for mapping dynamically allo- 
cated memory. 

The U area, which contains the kerne! 
stack and process information that is 
needed only when a process is running, is 
mapped into the kernel address space at a 
fixed location. When the kernel switches 
from one process to another, it changes 
the mapping of the virtual U area to the 
physical memory that contains the U area 
of the new process. We can dedicate a 
page directory entry and a page table to 
the U area, but this wastes most of the 
page table, because the U area is prob- 
ably only one or two pages in size. It is 
more efficient to map the U area through 
the first few pages of the dynamically al- 
located kernel memory section. Then the 
virtual address of the U area is the base 
address of the dynamically allocated 
memory section. 

So how big a piece of the linear address 
space should we reserve for the kernel? 
The biggest potential requirement is for 
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Figure 3: The kernel's virtual address 
space. 
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Figure 4: The user program's virtual 
address space. 


mapping physical memory. Even if we 
reserve 256 megabytes for the kernel, 
that is still only 1/16 the linear address 
space. 

Figure 3 shows our layout of the kernel 
part of the virtual address space. All ad- 
dresses are in hexadecimal. The kernel 
occupies addresses ҒООООООО through 
FFFFFFFF. The statically mapped phys- 
ical memory section takes up most of 
that, from addresses 20000000 through 
FEFFFFFF, The dynamically allocated 
memory area occupies FF000000 
through FFFFFFFF, and the U area is at 
FF000000. 

The page table overhead for a typical 
kernel is minimal. For a machine with 4 
megabytes of physical memory, we need 
one page table each for the statically 
mapped physical memory and dynami- 
cally allocated memory sections. This is 
less than the page table overhead for a 
single process. 


User Program Sections 
A Unix process must have three distinct 
sections of memory: 


е A text section that contains the program 
instructions and can be shared with other 
processes running the same program. 

* A data section containing static and dy- 
namically allocated data. 

* A stack section containing function call 
linkage and automatically allocated local 
variables. 


[n addition, a process can also have an ar- 
bitrary number of shared memory and 
shared library sections. How should 
these be laid out in the user virtual ad- 
dress space? 

А fundamental consideration is that 
both the data and stack sections can grow 
in size, and we want to leave room for 
them to grow. Most applications will use 
only a smal) fraction of the 32-bit address 
space, and most use a lot more data than 
stack. Yet we want to avoid layout deci- 
sions that will interfere with the efficient 
execution of future applications whose 
needs we can only guess. 

Unix assumes that the data section 
grows upward toward higher addresses. 
The 80386 stack must grow downward, 
because the PUSH instruction decrements 
the stack pointer. Only the text section is 
fixed in size. Our layout, shown in figure 
4, has the text section starting al virtual 
address 0, and the data section starting at 
the next multiple of 4 megabytes above 
the top of the text. 

The gap between text and data is neces- 
sary because the two sections are mapped 
by different page tables, and each page 
table must be mapped by a different page 
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directory entry, The stack is near the 
high end of the user address space, so that 
there is plenty of room for the data sec- 
tion to grow upward and the stack to grow 
downward. 

Exactly where we put the stack de- 
pends on where we put shared memory 
and shared library sections. We can pul 
them between the data and the stack, or 
we can pul them above the stack. There 
are things to be said for and against both 
arrangements, and with such a big ad- 
dress space, it is not clear that it makes 
much difference. In figure 4, we show 
shared libraries at ЕООООООО, shared 
memory at 20000000, and the stack 
Starting down from CFFFFFFF. 


Memory Management Data 
Structures 

Thus far our design has focused on ab- 
stract issues of address space layout. Now 
it is time to turn to the more concrete task 
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of deciding how to organize the part of the 
kernel program that manages memory. 
We have already discussed the basic 
building blocks: processes, sections, 
page directories, page tables, and page 
frames. Figure 5 shows how we put them 
together. 


Processes and Sections 

Shared text, shared memory, and shared 
library sections can all be attached to 
more than one process. Since a section 
can exist independently of any single pro- 
cess, information about sections must be 
kept separate from the process informa- 
tion in the process table and the U area. 
Thus, we assume that there is a section 
table with an entry for each section that 
currently exists. 

An entry contains information about 
the type and state of the section, the num- 
ber of processes to which it is attached, 
its size, and a way to find its page tables. 


Figure 5: The entire memory management organizational hierarchy. 


Note that page tables are associated with 
sections, not processes, because the page 
tables that map a section to physical 
memory arc the same for every process 
that shares that section, and it would be 
silly to duplicate them. Since there is only 
one page directory per process, it is asso- 
ciated with the process. 

How do we associate a process with its 
sections? We must keep in mind thal а 
shared memory section can appear at dif- 
ferent virtual addresses in the processes 
to which it is attached, and it can be at- 
tached as either read/write or read-only. 
Thus, we need to distinguish between in- 
formation about a section that is the same 
for all processes that share it, and infor- 
mation that differs among those pro- 
cesses. The former information goes in 
the section table, and the latter is kept in 
the process's process section table. 

This table could be located in the pro- 
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backup copies. And run them wherever and 
whenever they need to—as long as they 
have the Software Sentinel key. 


( A RAINBOW TECHNOLOGIES 


Without This. 


As long as we're talking 
success, there's something 
else you should know. Right 
now, our engineers are putting the finishing 
touches on a new microprocessor that we'll 
use in a whole new generation of software 
and data protection products. With the same 
high-performance and high-reliability of our 
past successes but with many new features. 
Which no doubt is going to make life even 
easier for you and CSPI. 

The Software Sentinel. Making sure soft- 
ware developers stay successful with the 
successful software they've developed. 

For more information on the Software Sen- 
tinel family, contact Rainbow Technologies, 
18011-A Mitchell South, Irvine, California 
92714; or call (714) 261-0228. 


Software Sentinel Features: 
: Runs under DOS and Xenix 
* Uses algorithm technique, never a fixed response 
* Minimal implementation 
Higher level language interfaces included 
» Transparent operation 


18011-A Mitchell South, Irvine, СА 92714 + (714) 261-0228 • TELEX: 386078 + FAX: (714) 261-0260 
©1997 Rainbow Technologies, Inc. Software Sentinal is в trademark of Rainbow Technologies, [nc. 
BABY/36 is в trademark of California Saftware Products, Ine. 
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UNIX AND THE 80386 


А process has at least 
three sections, and 
unless we engage in 
some trickery, each has 
its own page table. 


cess's entry in the process table or in the 
U arca, or it could be allocated separately 
and linked to the process table entry or U 
area, Each entry in the process section 
table points to a section table entry. 


Page Table and Page Frame 
Management 

It must be possible for a section to map a 
[arge virtual address area so that we can 
run those few applications that use a large 
amount of memory. Thus, we must be 
able to attach an arbitrary number of page 
tables to a section. 

However, because a single page table 
can map 4 megabytes of virtual address 
space, most sections have only one page 
table, and that is the case we wish to han- 
dle most efficiently. Each section table 
entry contains the first (and usually only) 
element of a list of pointers to page tables. 
Pages for page tables are dynamically al- 
located as needed. 

The page frames at the low end of 
physical memory are dedicated to kernel 
code and static data when the kernel is 
loaded. Page frames above these can be 
allocated as needed. 

Information about these allocatable 
page frames is kept in a page frame table 
established by the kernel at start-up after 
it has determined how much memory it 
has. Page frames available for allocation 
have their table entries linked on a free 
list so that it is easy to find the next one to 
be allocated. 


Pages in Memory and on Disk 
А page of a user program's virtual ad- 
dress space can be in memory, where it is 


accessible to the program, or it can be on. 


disk, in either an executable file or the 
page swapping area. If a page is not in 
memory when it is referenced by the pro- 
gram, the page fault handler allocates a 
page frame and reads in the page from 
disk. Both the memory and disk forms of 
a page can coexist. For example, a text 
page always has an image in the execut- 
able file, even if it is in memory, because 
text pages are read-only. 

Because a page can reside both in mem- 
ory and on disk at the same time, we must 
be able to keep track of both of them. The 
straightforward solution to this problem 
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is to use arrays of disk page descriptors 
that parallel the page tables. Each PTE 
has a corresponding descriptor that tells 
whether the page is on swap, is ina file, 
or is a demand 0 page. If the page is on 
swap or in a file. the descriptor specifies 
wher2 it is on disk. А demand 0 page is 
cleared to Os when it is allocated, and it 
has no image on disk. Demand О pages 
are used for uninitialized data, the stack, 
and dynamically allocated memory. 

The trouble with the disk page descrip- 
tor solution is that it increases the page 
table overhead. А process has at least 
three sections—text, data, and stack— 
and unless we engage in some complex 
trickery, each has its own page table. On 
a processor with 512-byte pages, this 
would be only 1.5K bytes of page tables 
per process. But the 80386 has very large 
4096-byte pages, requiring 12K bytes of 
page tables per process. If we allocate a 
page of disk page descriptors for each 
page table, which is the straightforward 
thing to do, we double this already large 
memory overhead. 

The alternative is to put the disk infor- 
mation in the PTE when the page is not in 
memory, and put it in the page frame 
table entry when the page is in memory. 
Using the PTE for both memory and disk 
information is a bit more complex than 
the disk page descriptors but uses much 
less memory. 


Page Caching 
When a page frame contains data that 15 


also on disk, its entry in the page frame 
data table shows where its image is on 
disk. When a page frame is put on the 
free list, it retains its disk identity until it 
is reallocated for a different use. If the 
page with that identity is needed again 
before the page is reallocated, и can be 
reused without reading from disk, be- 
cause it already contains the needed data. 
Being able to locate a page frame with a 
particular disk identity is called page 
caching. It improves system performance 
by avoiding unnecessary disk reading. 

Page frames that do not һауе a disk 
identity, such as the modified data and 
stack pages of a defunct process, are 
placed at the head of the free list when 
they are freed, and those that do have a 
disk identity are placed at the tail. That 
way, page frames that cannot be reused 
are reallocated first, and those that can be 
reused are reallocated in least-recently 
used order, 


How It All Works 

Now that we have presented our memory 
management design for Unix on the 
80386, let's briefly discuss how it works. 
When the kernel executes a program, it 
creates text, data, and stack seclions and 


allocates page tables for them, The PTEs 
in the text section and in the initialized 
part of the data section are set up to potnt 
to the corresponding pages in the pro- 
gram executable file. The PTEs in the un- 
initialized part of the data section and in 
the stack section are marked demand 0. 

When the process first starts to run, it 
immediately accesses the text page con- 
taining its entry point, causing a page 
fault. The page fault handler corrects the 
fault by bringing in the page of text from 
the executable file. The first instruction 
accesses the stack, causing another fault. 
Stack pages are demand 0, so the page 
fault handler simply allocates a page 
frame and clears it to Os. Another in- 
struction accesses an initialized static 
variable, causing a fault on a page in the 
data section, and the page fault handler 
brings in the data page from the execut- 
able file. This process continues until all 
the pages accessed by the program have 
heen faulted in. 

As long as there is enough physical 
memory so that the pages needed by all 
the processes can be їп memory at the 
same time, the kernel can run without 
paging out. But when the kernel runs out 
of free page frames. it must free some for 
reallocation. This 15 sometimes called 
page stealing. 

The prime candidates for stealing are 
pages belonging to processes that are 
wailing for events that may not occur fora 
while, such as a keystroke at a keyboard. 
If a process is waiting for a “slow” event. 
il is swapped out entirely, Otherwise, the 
kernel frees the pages least likely to be 
accessed again soon. 

Text pages, and initialized data pages 
that have not been modified, can be freed 
without writing, because their images are 
in an executable file. Stack and modified 
data pages must be written out to the swap 
area on the disk before they can be freed. 
The PTEs for the stolen pages are 
changed to point to the pages on disk. 

If a page frame is stolen away from a 
process and reallocated, the page must be 
read in from disk when 11 is accessed 
again. But if the process accesses the 
page before и is reallocated, the page 
frame is found in the page cache. and no 
I/O is necessary. 


А Happy Marriage 

Unix and the 80386 are a happy mar- 
riage. The processor is fast, has a large 
address space, and provides on-chip 
memory management thal supports de- 
mand paging. Everything you need to im- 
plement Unix efficiently is there. Ш 


Carl Hensler and Ken Sarno are software 
engineers at Interactive Systems Corp., 
Sania Monica, California. 


Introducing the business news service that serves 
you better. McGraw-Hill News. It’s up-to-the- 
minute business news. Online and in time for you 
to do somcthing about it. 

It's news about specific companies and indus- 
tries. Government, stock market, economic, polit- 
ical news. It gives you the whole story — plus its 
implications for your business. 

And it’s easy to get to 
McGraw-Hill News because 
it's available on a variety of 
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McGRAW-HIL 


online services, including CompuServe, DIALOG, 
DRI, BIX and Executive One. 

Best of all it's from McGraw-Hill, the people 
who bring you Business Week, and online services 
such as $ & P Marketscope and DRI. 

Our business 15 getting business news to you. 
With service you won't find any where else. 

Find out more. For 
a FREE brochure call 
1-800-426-0647. 

And get the news. 
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THE BUSINESS NEWS SERVICE THAT SERVES YOU BETTER. 


© 1988 McGraw-Hill, Inc. All rights reserved, 
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In the beginning, there was 


DOWCI. When Wyse engineers set out to create 
a new PC family, their objective was not merely 

to design a new system, but a new deszgn. Criterion 
one was power with total compatibility: higher 
erformance for industry standard software. 
oday' s and tomorrows. 

The results are four uniquel De 
Modular Systems Architecture" Wyse Cs that 
make up the most powerful PC family in the 
business. 

At the top, the new WYSEpc 386 has one of 
the highest benchmark ratings yet for a personal 
computer. Our unique design achieves exceptional 
memory speed as well as processing speed for 
zero wait state performance on multiple operating 
systems. Such as MS-DOS? 05/2" and Xenix? 
For CAD/CAE, heavy duty spreadsheets, or 
multi-user applications, it delivers power to satisfy 
the insatiable. 

And it’s only the beginning. Our 8MHz АТ 
compatible, 12.5 MHz professional desktop 286, 
and 12.5 MHz zero wait state 286 provide more 
power for every level of user. 

Introducing SystemWyse:" Our PCs form the 
core of a comprehensive system for creating solu- 
tions. They link effortlessly with our terminals, 
monitors, and expansion modules in solutions of 
exceptional quality and value. And SystemWyse 
is backed by the сраку that makes more termi- 
nals than anyone but IBM. 
ыы КЕ Its a power structure you can 

uild on. Or 
more information. 1800-СЕГ- W Y SE 


WYSEpc 386 driving our VGA color monitor. Actual screen image. 
Wyse? is а registered trademark of Technology. System ‚ W YSEpc 386, and Modular Systems 
қық алады. ара а Wyse a be Қосы Other ep ant yc MS DOS. enn Меку. 05/2. 
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We make it better, or we just don't make it 
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HypertExpert Systems 


Ty Der totally new from eet багаеп 


НҮРЕНТЕХТ 

Hypertext lets you link related concepts, logic 
or procedures. К adds a whole new dimension to 
written material like training manuals, help systems 
and reference works. Hypertext allows users to 


access information in a non-linear fashion by follow- 


ing a train of thought. Hypertext lets the reader 
Control the level of detail and the type of information 
displayed. But that's just one side of the coin. 


“4 
Announcing KnowledgePro;' a new develop 


EXPERT SYSTEMS 

The other key ingredient to real exchange of knowl- 
edge via the computer is control by the author. 
Thats why integration of hypertext and expert 
systems is such a breakthrough — it lets communi- 
cation take place between teacher and pupil, author 
and reader, expert and novice. It lets each side 
REACT to what the other says. 


ап? environment, fro 


Knowledge Garden. It integrates ШТУ with ССЗ 
to create the world' knowledge processor. d KnowledgePro ҰС 
unlike anything you have seen before. 


KNOWLEDGE PROCESSOR 
The age of packaged knowledge 1$ upon us. 
PC's now have the power to manipulate, store 
and retrieve knowledge do кы, 


KNOWLEDGEPRO 
KnowledgePro is a totally new development envi- 
ronment created by Bev and Bill Thompson. It costs 
$495 plus $5 shipping and handling and runs 
оп ІВМ PC, XT, AT or PS/2 with 512k memory. 
KnowledgePro is not copy-protected and there are 
no run-time feas. À working demonstration disk is 
avallable for $30 with full credit towards ive 


effective, si 
munication of knowledge | 


Big corporations сап 


A LANGUAGE FOR 
EXPERTS 

KnowledgePro is for experts because it 
provides a wide variety of structures to 


work with, It has many advanced features, 
like inference, list processing, topics, 


procedural control and inheritance. You 


can write new procedures in other lang- 


uages and interface to other programs. 
You сал read DBASE Ill and LOTUS 123 
data directly into the knowledge base. 


A TOOL FOR 
BEGINNERS 

KnowledgePro let's you communicate 
knowledge, easily and without spending 
weeks on the details. KnowledgePro 
handles the details for you. It provides 
easy access to colors, windows and 
mouse control. It's been called the BASIC 
of the 80's because anyone can get 
results quickly — and then grow into more 
sophisticated features at their own paca. 


of KnowledgePro. Call toda 


to order №: 


TO ORDER 
Cail 518-766-3000 {American Express, 
Visa, M/C accepted) or mail yow Шал 
today. 


Knowledge Garden Hc. 
473A Malden Bridge Rid. 
Nassau, NY 12123 


The run- time verSion of KnowledgePro 


Published by 
gm imm Another intelligent 
tool In the 


Knowledge ^ Knowledge Garden "Hi 
GARDENinc. family of products. all $ 
"iu registered trademark al international Business KnowledgePro 15 a trademark of ure Garden Inc. 


Machines Inc. 
is a Lrademark of Ashion Tate. LOTUS 123 is a registered trademark of Lotus Development Com 
Phoio: Tcherevkolt © 
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МЕМОКҮ МАМАСЕМЕМТ 


Macintosh Memory 
Management 


With the Мас 5 generalized design, you can use the same software 
on a Mac 512KE or on a Mac Il 


MOST NEW INVENTIONS in the com- 
puter industry are evolutions. When a 
computer company decides to develop a 
new machine, the design is usually done 
within the constraints of the company's 
existing products, making it harder to 
come up with something innovative. Why 
is this? Because the company isn't likely 
to create a product that can't be used by 
past customers, who have made a tremen- 
dous investment in the older computers 
with the purchase of software and periph- 
erals. The most recent example of this 
phenomenon is OS/2, which includes the 
ability to run MS-DOS applications that 
were created long before OS/2 was con- 
ceived. 

Once in a while, though, engineers are 
allowed to invent a system without having 
to worry about compatibility. Obviously 
this is a pretty risky thing to do, but it can 
produce major leaps in the state of the 
art. This is what Apple Computer did 
with the Macintosh in the years before its 
introduction in 1984. The Macintosh 
didn't have to run existing software. Of 
course there were constraints, but they 
involved the computer's physical size and 
cost. 

Unhampered by software compatibil- 
ity requirements, the Macintosh de- 
Signers were free to invent and borrow 
whatever they wanted to reach the goal of 
a powerful, easy-to-learn computer. Two 
parts of the design were improved signifi- 
cantly. The first was the now-familiar 
Mac user interface of mouse, windows, 
and icons. The second improvement was 
internal and involved a generalized sys- 
tem design. An important part of this 


Alan Anderson 


generalized system is the Macintosh 
Memory Manager. 


Memory Manager Background 
Currently, there are seven different Mac- 
intosh models (the Mac 128K, the Mac 
512K, the Mac XL, the Mac 512KE, the 
Mac Pius, the Mac SE, and the Mac II), 
using 68000 and 68020 microprocessors 
and perhaps having one or more slots. 
However, thanks to the generalized sys- 
tem design, the programmer's view of all 
of them is very much the same. Each ma- 
chine contains a large part of the user- 
interface routines (called the Toolbox) 
and operating system in ROM, with addi- 
tional routines loaded into RAM from a 
system disk. 

The requirements of the Macintosh 
made it clear that it had to have good con- 
trol of RAM use. The Macintosh was to 
be a very busy system: At any time, the 
screen contains a menu bar, windows, 
controls like push buttons and check 
boxes, and other miscellaneous graphic 
objects. Each object is controlled by a 
part of the Toolbox—the Menu Manager 
for menus, the Window Manager for win- 
dows, and so on. Each of these managers 
has to allocate memory for its objects 
without stepping on the application or its 
storage. The Memory Manager was 
created to act as a clearinghouse for 
memory allocation requests and to keep 
its clients from overwriting each other. 

The Memory Manager also has to han- 
dle a large amount of traffic, with new 
objects being allocated and old ones 
being deallocated constantly as an appli- 
cation executes. Ideally, the Memory 


Manager needed a way of ensuring that 
the free memory opened up between allo- 
cated objects as other objects were re- 
leased didn't go to waste. This was espe- 
cially true for the Mac 128K, where 
objects had to be shoehorned into a 
cramped memory space. To fulfill these 
design goals, the Memory Manager was 
given the ability to allocate memory 
blocks that can be moved around, or re- 
located, in memory and to deallocate 
memory blocks as necessary. 

The Memory Manager allocates these 
objects from an area in RAM called a 
heap. Most operating environments use a 
stack for various purposes: variables, re- 
turn addresses, and stack frames, among 
other things. The Macintosh also has a 
stack, a separate structure from the heap, 
which it uses for these conventional 
things. Register A7, the stack pointer, 
contains the address of the top of the 
stack. In a typical Macintosh application, 
the stack contains the program's declared 
variables, while the heap holds its 
dynamically allocated objects. 

Of course, without any hardware 
memory management support, there is 
no way to physically prevent a program 
from writing anywhere in RAM, but the 
Memory Manager at least implements an 
honor-system rule: Don't use memory 
unless you get it from the Memory 
Manager. 

If you get memory through the Mem- 
огу Manager, it at least knows what part 
of memory you're using, and this ensures 
that future memory requests made to the 
Memory Manager won't affect your 

continued 
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One benefit of the 
Memory Manager is 
that programs take 
advantage of extra 
HAM automatically. 


block of memory. This system works as 
long as every program obtains its mem- 
ory through the Memory Manager. 

One benefit of using the Memory Man- 
ager to allocate memory is that applica- 
tions can take advantage of machines with 
more RAM without requiring special 
code. The result is that many applications 
originally written for Macintoshes with 
512K bytes of RAM automatically can 
make use of the 8 megabytes of RAM 
available in a fully loaded Mac II. 

Since the Macintosh Memory Manager 
presents all available RAM ав simply а 
serics of blocks allocated through a pro- 
cedural interface, seeing a memory map 
of the system isn't vital for most pro- 
grammers, although it's useful for debug- 
ging. So, before I present a memory map, 
ГН take a closer look at how the Memory 
Manager operates. 


Purgeable and Relocatable Blocks 
The Memory Manager employs some 
elaborate software techniques to make the 
most of RAM. Memory blocks can be 
made purgeable if desired. The Memory 
Manager can return purgeable memory 
blocks to the free-memory pool when 
space is needed. How is this feature put to 
work in the Macintosh? 

The answer lies in looking at how Mac- 
intosh applications are put together. А 
Macintosh application is a very granular 
collection of diverse items: pieces of 
code, text strings, templates for windows 
and controls, pictures, menus, icons, 
color information, and much more. Most 
Macintosh applications are split into 
many different code segments, each of 
which can be loaded separately. All these 
items are called resources. 

Each resource can be loaded from disk 
individually. This characteristic is cru- 
cial, because it makes resources perfect 
candidates for purgeable memory blocks. 
Since each resource is available on disk, 
it's still accessible if the in-memory copy 
is purged. The Macintosh operating sys- 
tem also provides a facility for updating a 
resource on disk if it’s altered in mem- 
ory, Of course, there are some complica- 
tions: Some resources are so vital that 
they should never be purged (more on this 
later). Since the programmer can make 
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MAC MEMORY MANAGEMENT 


any resource purgeable or nonpurgeable, 
this normally isn't a problem. In prac- 
tice, only memory blocks that contain re- 
sources arc made purgeable. 

Another Memory Manager feature that 
makes good use of available RAM is the 
ability to manage relocatable blocks, 
which are created with the system call 
NewHandle and are deallocated using 
DisposHandle. To get reasonable system 
performance, all memory blocks that the 
Memory Manager allocates must be 
made up of contiguous bytes. 

іп a system that constantly loads new 
objects and deallocates old ones, this can 
causc lots of free-space "holes" to develop 
in the heap. To alleviate this problem. 
memory blocks marked as relocatable 
can be moved, allowing the free blocks to 
be fused together into a single, larger free 
space. The Memory Manager moves re- 
locatable blocks only at well-defined 
times—specifically, only when a request 
requires a memory block that can't be al- 
located using the current free space. 

This technique also adds some compli- 
cations. The Memory Manager must 
make sure that relocatable blocks aren't 
moved "out from under" an application. 
That is, if the Memory Manager moves a 
block of memory that an application i5 
using, it must provide some means for the 
application to access the block at its new 
location. 

When a program requests a relocatable 
block, the Memory Manager allocates it. 
then stores its address (i.e., a pointer to 
the block) into a private data structurc 
called a master pointer, whose address 
never changes. Rather than returning that 
pointer to the caller, the Memory Man- 
ager returns the address of the master 
pointer. This value, called а handle, is a 
double-indirect pointer to the memory 
block. The handle is used with a double 
dereference to refer to the block wherever 
a pointer and a single dereference would 
normally be used. 

What happens when the Memory Man- 
ager has to relocate the block? After 
moving the block to its new location, the 
Memory Manager stores its new address 
into the master pointer. Remember that 
the application knows about the block by 
its handle, which ts the address of the 
master pointer. The address of the master 
pointer never changes, so the handle to 
the block remains valid even if the master 
pointer's value changes. Note that, for 
this scheme to work, the master pointers 
must be nonrelocatable. Nonrelocatable 
memory blocks are created with the sys- 
tem call NewPtr and deallocated with 
DisposPtr. 

As with purgeable blocks, there are 
objects that must not be moved. The best 
instance of this is a memory block that 


contains active code. For example, the 
68000's RTS (return from subroutine) in- 
struction relies on an absolute return ad- 
dress that's kept on the stack. Now sup- 
pose a routine inside a relocatable block 
calls another routine with a JSR ( jump to 
subroutine). Next, the block containing 
the calling routine is relocated while the 
other routine is running. The RTS from 
the running routine will be disastrous 
since the address on the stack no longer 
points to the intended block. 

To prevent this problem, the Memory 
Manager can temporarily prevent relo- 
catable blocks from being moved. or lock 
them. The system call HLock locks а 
memory block's position in memory, and 
HUnloek unlocks it. Code that's not part 
of the current chain of return addresses 
can be relocated, or even purged, И 
necessary. 


The Perils of Relocation 

This scheme of relocatable objects works 
very well in general, but there are a few 
problem situations. One scenario to 
watch out for is calling a routine that ex- 
pects a pointer and providing a pointer to 
а relocatable object. The pointer will he 
valid only as long as a request to the 
Memory Manager does not trigger mem- 
ory relocation. For example, let's assume 
that myRecord is a handle to a record: 
FaraweyProc (myRecord );. 

This call passes a pointer to the record. 
Since the record is a relocatable object. it 
might be moved. If FarawayProc con- 
tains a statement that allocates memory, 
either directly or indirectly, it may cause 
the block containing myRecord io move, 
causing the pointer to become invalid. А 
reasonable way to avoid this problem 
would be to use an assignment statement 
to make а copy of myRecord^" into а 
global variable, then pass a pointer to that 
variable to FarawayProc. This works be- 
cause globa] variables are not kept in re- 
locatabie blocks. Another solution would 
be to lock the block thal myRecord'" 
points to before calling FarawayProc. 

You may be wondering why I pass a 
handle to a global variable rather than 
simply a pointer (1.е., myRecord” ), since 
I'll use a pointer to reference the global 
variable and thus create а handle to 
myRecord. The answer is that sorne Pas- 
cal compilers may create implicit. de- 
references (1.е., convert a handle to a 
pointer) as they optimize the object code. 
The only defense against problems like 
this is а thorough understanding of the 
Memory Manager and your development 
system. 

Let's look at а more subtle— but just as 
dangerous—situation. [n order to opti- 
mize an inner loop and prevent unneces- 

continued 


Intelligent statistics. 


Consider the alternatives. 


Today there are numerous micro- 


computer statistics software 
packages to consider. 

But, in the considered opinion 
of many experts, there is one 
that is clearly better. 


Highest rated. 


In its recent review of the five 
leading microcomputer statistics 
programs, /nfoWorld concludes 
that Systat" Version 3.0 is "unri- 
valed in performance", "tops in 
number crunching power" and 
"unfailingly accurate." 

And /nfoWorld doesn't stop 
here, but goes on to rank Systat 
as the Number One statistics 
package of the group. 

In doing so, they aren't alone. 
Fvery published independent 
comparative review rates Systat 
at the top of the list. 
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Of the statistics packages review- 
ed by InfoWorld, Systat rated 
highest, as it has in every pub- 
lished competitive review. 


Some practical benefits. 


Such ratings are important be- 
cause they relate directly to the 
quality of your work, not just to 
glitzy features. For example: 
Are capabilities important to 


you? Systat gives you more 
statistical capabilities than any 
microcomputer statistical pack- 
age, including three major 
procedures that PC SAS? and 
SPSS/PC+® programs simply 
don't offer. 

Is accuracy important? Systat 
gives you more accuracy. In fact, 


|! 


Although more comprehensive, 
Systat requires less than Уз the 
commands and has V2 the bulk of 
competitive programs. Compare 
its 5 disks to 17 for SPSS/PC+ 
and 21 for PC SAS! 


numerous reviews and technical 
conference proceedings consis- 
tently prove Systat to be the 
most accurate statistical 
package available. 

[s ease of operation important? 
Systat operates on less than V2 
the commands of its two largest 
competitors, with less than V2 the 
bulk. According to /nfoWorld, 

"Systat' s commands аге terse, 
and a few keystrokes will do 
amazing things." 

Is cost important? Systat costs 
less than any other major pack- 
age: less than 72 the price of the 
comparably equipped PC SAS or 
SPSS/PC+. 


Truly interactive. 

Unlike its major competitors, 
Systat has not ported some 20- 
year-old code from a mainframe 
program. Written specifically for 
microcomputers, Systat Version 
3.0 uses an incredibly small 
amount of disk space: only 1.4 
megabytes versus their 5 to 10 
megabytes. 

What's more, the package is 
genuinely interactive, freeing 
you from rigid command proto- 
cols. In doing 50, Systat allows 
you to approach statistical pro- 
blems more intelligently: letting 
you work the way you think in- 
stead of forcing you to think the 
way it works. 

Next to this, the alternatives to 
Systat don't look very bright. 


SYSTAT. 


For more information and a 
complete copy of the /nfoWorld 
review, call 312 864.5670, or write 
Systat Іпс., 1800 Sherman Avenue, 
Evanston, Illinois 60201. 


Systat operates on ІВМ PCs’ and 
compatibles. MS-DOS" апа СР/М” 
machines, several UNIX minicomputers 
and mainframes, and the VAX/Microvax . 
Menu/windowed Macintosh’ version 
also available. Single copy price 

$595 USA and Canada, $695 Foreign. 

Site licenses and quantity prices 
availiable. 


[he following аге registerad trademarks; ВМОРС of 
BMD? Ing.. СРАМ o! O:gital Research, Inc., IBM PC of 
IHM, inc , MS-DOS of Microsoft, tne.. РС ЗАЗ of SAS 
institute inec., SPSS/PC+ of SPSS Inc.. STATGRAPHICS 
uf STSC Inc.. УМХ of ATST and YAX of Digital 
Equipment Corporation 


Systat. Intelligent statistics. 
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0-01 = 
GRAY SCALE ` 
FRAME GRABBER 


Composite video in/out 

256 x 240 resolution 
Digitize/display at frame speed 
256 gray levels in 

16 Meg. color palette out 
PCOIXT/AT compatible 
$849.00 Complele with software 


Control Vision %- | 


РО. Box 596, Pittsburg, KS 66762 
(316) 231-6647 


Circle 71 on Reader Service Card 


IBM/PC DOCUMENT 
CONVERSIONS 


WORDFORWORD 


The /ndustry Standard іп 
document conversion. 


* Two wery Conversions 
" Prevervus al La 149.00 
* Special "Smart" ASCII retains page tormaning 
Supports conversions between: 
WordSiar WordP orlegi MukiM ata 


PFS: WRITE РЕЗ: Ем Choi РЕЗ: Pro Wie 
Містовоћ Word 


OffligeWrter ЮМ Writing Anat. 
ASCII 


“Smart ASCII 


LLAN Version $299 | 
Call (800) 624-6107, Dept. B 


MASTERSOFT, INC. 
4621 М. 16th ST. 
PHOENIX, AZ 85016 
(602) 277-0900 
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For IBM 
XT / AT / 386 
& Compatibles 
Three Powerful 
Computer Productsin One. 
e All the features ої CCITT Group lil 
Fascimile Machine + the abili 
ы direct from ASCII files & 
bos data modem w/CHC checking. 
• Sends mulitiple FAX's to multiple 
destinations instantly, or when you 
choose + receives while you use 
your computer for other programs. 
. зотат reads line ап, photos, and 
AX & OCR documents up to 
dor w/32 dither shades + editing. 


г OCR translates to ASCII files 
typewritten, letter-quality, & dot 


matrix print + proportional spacing. 
Complete System Price $2495. 


(including ail infedaces А Somware) 


Call (408) 748-8611 


ems - Mastercard & Visa Accepted 


ruz Bled. Sania Clara, СА 95080 


Circle 311 оп Reader Service Card 
(DEALERS: 312) 


MAC MEMORY MANAGEMENT 


sary double dereferencing. programmers 
sometimes perform one dereference be- 
fore entering the loop. In this example, 
ГІ assume that matHd1 is a handle to an 
array of 500 integers, and I want to initial- 
ize each of them to its index value: 


matPtr :-matHdl1^; {deference 

matHdl) 

for index := 1 to 500 do 
matPtr^.theArray [index] := 

index; 


In this example, the handle is derefer- 
enced and the master pointer is copied 
into matPtr. If the block is relocated 
while the loop is executing, I'm in trou- 
ble, since in that case matPtr will no 
longer point to the block. However, 
blocks are never relocated unless the 
Memory Manager is trying to allocate a 
new block. By examining the source 
code, you can see that no new memory is 
being allocated within the loop-—it's sim- 
ply storing values. So, this technique ts 
safe to use. 


Video/sound buffer 


Application heap 


System heap 


System globals 


Figure 1: Memory organization in the 
Macintosh family. The Macintosh ЇЇ 
memory layout is essentially the same, 
except that the video buffer is located in 
the NuBus slot space. The application 
heap is allocated just above the system 
heap and grows upward in memory, 
while the stack grows down. The 
application heap is destroyed each time 
a new application is loaded, while the 
system heap and system globals remain 
intact throughout the operation of the 
computer. This memory model is valid 
for any Macintosh running under the 
Finder. 


What if the loop contains a statement 
that can cause memory to be allocated, as 
in the next example? 


matPtr := matHd1"; 
for index := 1 to 500 do 
begin 


matPtr^.theArray [index] := index; 
DrawText ('Another'); | (Trouble! 
See below! 

end; 


This time, the Macintosh ROM routine 
DrawText is called each time through the 
loop. Although it's not obvious, Draw- 
Text can trigger memory allocation. If 
the Memory Manager does allocate a new 
memory object for DrawText, matPtr 
can become invalid. To prevent problems 
like this, be sure not to rely on pointers to 
relocatable objects after using Toolbox 
calls that can cause memory allocation. 
Inside Macintosh has a list of the ROM 
routines of this type. The safest technique 
is to always use the handle and double 
deference, like this: 


for index := 1 to 500 do 

begin 
matPtr^".theArray [index] 

:= index; {Safe technique...) 
DrawText ('Another!'); {...since 
handle is always valid} 


end; 


Memory Organization 

I’ve already said that there’s a heap and a 
stack in RAM, so ГИ discuss the other 
important areas of memory (see figure 
1). Notice that there are actually two sep- 
arate heaps, called the system heap and 
the application heap. The system heap is 
created as the Macintosh starts up and 15 
never reinitialized. It holds objects that 
are used exclusively by the system, such 
as device drivers. By contrast, the appli- 
cation heap is created when an applica- 
tion starts up and is destroyed when the 
application quits. 

Note that the application heap starts 
just above the system heap. This obvi- 
ously prevents the system heap from 
growing further, so it’s a fixed size. The 
application heap, however, has room to 
grow upward in memory, and the stack 
can grow downward. The operating sys- 
tem uses a couple of schemes to keep the 
application heap and the stack from col- 
liding. To avoid collisions from the bot- 
tom (the heap growing into the stack), the 
Memory Manager prevents the heap from 
growing past a predetermined limit, 
called AppiLimit. 

Restraining the stack is a little trickier, 
since it grows as a direct result of 68000 
instructions, without giving the operating 
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system a chance to intervene. Instead, the 
operating system frequently checks the 
stack pointer to see if it has gone below 
the highest heap address. The routine that 
performs this check is called the “stack 
sniffer,” 

There are two ways to exhaust memory 
in the Macintosh with this memory 
model. The first condition occurs when 
the Memory Manager is unable to find 
enough memory to satisfy a request by 
NewHandle or NewPtr. In this case, the 
Memory Manager passes an error code to 
the calling routine and allows the applica- 
tion to respond to the problem in a rea- 
sonable manner, 

The other out-of-memory condition 
occurs if the stack sniffer finds that the 
stack has overflowed into the application 
heap. Since the damage has already been 
done tn this situation, the Macintosh re- 
ports a system error 28 (the infamous 
"bomb box”). 

There are two other areas of RAM 
shown in figure 1. The lowest part of 
memory, called the system globals area, 
contains crucial information for the 


ing this problem. First, use the operating 
system call UnloadSeg to make unused 
code segments ригреаЫе; second, try to 
allocate all new heap objects from the 
program’s main loop. The main loop is 
always loaded and is firmly entrenched as 
one of the first objects in the heap. This 
will leave most of the heap free of tocked 
segments when new objects are created. 
Following this strategy will help ensure 
that new objects have their pick of a heap 
that's as unobstructed as possible. 

For serious Macintosh debugging, 
you'll get to be pretty friendly with an ob- 
ject code debugger, such as Apple's 
MacsBug or Icom Simulations's TMON. 
These programs let you examine mem- 
ory, display your program's code, and 
show you what your heap looks like. 
There are also several books available on 
the subject to supplement the excellent 
foundation of knowledge provided by 
Apple's Inside Macintosh. 


MultiFinder 
The Macintosh world got a lot more inter- 
esting last October when Apple released 
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Eco-C88 


C Compiler with 
Cmore Debugger 


Professionals prefer the Eco-C88 C 
compiler for ease of use and its power- 
ful debugging features. Our "picky 
flag" gives you nine levels of lint-like 
error checking and makes debugging 
easy: 


“Рт very impressed with the com- 


| piler, editor, and debugger, Гое tried 


quite a few different compilers for the 
PC and have given up on all of the 
others in favor of yours... I've gotten 
to the point where 1 download C code 
from a DEC VAX/VMS system just to 
be able to compile it with the picky 
flag set at 9. It finds lots of things 
VMS totally ignores..." 

JS, Oak Ridge, TN 


The Eco-C88 compiler includes: 


“А full-featured C compiler with 4 mem- 
ory models (up to 1 meg of code and 
data) plus most ANSI enhancements. 

* Without a doubt, the best error check- 
ing you can get. We catch bugs the 
others miss, making you much more 
productive. 


MultiFinder, the first "multitasking" 
version of the Macintosh operating sys- 
tem. This package of routines gives the 
Macintosh the ability to open multiple ap- 
plications at once, with all of them dis- 
playing their windows on the screen at the 
same time. Switching between applica- 


microprocessor, the operating system, 
and the Toolbox. This area includes the 
68000 exception vectors—a table of sys- 
tem routine addresses—and global vari- 
ables used by all parts of the operating 
system and Toolbox. 

The highest part of RAM on the Mac 


Plus and the Mac SE is a memory- tions is accomplished simply by clicking | | ° Стоте is a full-featured source code 
mapped buffer for video and sound. For оп ап application's window, debugger, not some stripped-down 


Although MultiFinder can manage up 
to a maximum of 30 applications, practi- 
cal use of MultiFinder is limited by the 
amount of RAM. A Macintosh with | 


the Mac Il, the video buffer is physically 
located on the video card that's mapped 
to a NuBus slot address range. and the 
sound buffer is contained in the Apple 


* Robust standard library with over 230 
useful (no “fluff’) functions, many of 
which are System V and ANSI compat- 
ible. Full source is available for only 


custom ASC chip, which is also mapped megabyte of memory has barely enough м 

into a different address range. [Editor's memory to manage two typical applica- È n Mamea oer. нг 
note: For a look at the memory map ofthe tions. If you have 4 megabytes of RAM— < Yi s dina. with р Jin 
Mac Il, see BYTE s Inside the IBM PCs, the maximum RAM available in a Macin- ^ wis hee You ET A de. edit 
Fall 1987, page 90.] tosh Plus or SE—you'll probably have and link from within CED. ^" 


The most important rule for using the enough memory to last you for some 
Macintosh Memory Manager is to try to time. 
use relocatable blocks for all heap ob- One of MultiFinder’s most impressive 
jects, and to avoid locking them. This features is that it amounts to no more than 
aliows the Memory Manager to consoli- a midcourse correction in the Macintosh 
date the free space in the application memory model, and most applications 


* cc and mini-make utilities included that 
simplifies the most complex compiles. 

* Users manual with over 150 program 
examples (not fragments) to illustrate 
how to use the library functions. 

* Fast compiles producing fast code. 


heap. If you must lock relocatables, be — work with MultiFinder without modifica- 
sure you don't allocate any new blocks 
while another block is locked. If you do, 
this can fragment the heap temporarily, 
and the Memory Manager might not be 
able to find enough free space to fulfill 
your next request. 

Even if you're careful about your relo- 
catable objects, you may still run into 
some problems. As discussed earlier, 
code segments have to be locked while 
they're executing so that the return ad- 
dresses stay correct, Depending on how 
your program is segmented, this can lead 
to a fragmented heap. 

There is a two-part strategy for avoid- 


tion. This was no accident, but the result 
of a lot of work by the MultiFinder team 
at Apple. 

MultiFinder works by creating a sepa- 
rate heap for each application, as well as 
allocating its own storage space for each 
application's system global space, micro- 
processor registers, and other state infor- 
mation. When an application is started 
under MuitiFinder, a predetermined 
amount of RAM is set aside for the appli- 
cation heap. This amount is read from a 
SIZE resource stored within the applica- 
tion. [f there is no SIZE resource present, 

continued 


Our Guarantee: Try the Eco-C88 compiler for 
$99.95. Use it for 30 days and if you are not 
completely satisfied, simply return it for a full 


refund. We are confident that once you've 
іпей Есо-САВ, you'll never use anything else. 
Call or write today! 


Orders: 1-800-952-0472 
Info: 1-317-255-6476 


Ecosoft Inc. 
6413 М. College Avenue 
Indianapolis, IN 46220 


ECOSOFT 
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152156 Valen; НА a 91744 Tor818. 369 2600 
CRIDER TOLL FREE 


(BOO) 892-8889 + 


2400 Baud Performance 
Incredible $149 Ргісе!! 


» 2400, 1200, 300 Baud Async Modem 

» Hayes *AT" Command Sei 

eCCITT V.22 bis, V.22 4 Bell 212A103 Compatibio 

» Auto Answaer/Auto Dial 

+ Compact Size 

в Programmable non-voltila phone number 
memory, user configuration & speaker voluma 


Om year waranty — Order Now 
| Toll Free 


USA:800-533-B049 
СА:800-624-5628 


330 Cantral Avenua 
Filmore, СА 83015 нду 


Serving Computer Users Since 1982 
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DUMP YOUR MENU 


DUMP your manual and start using 
MENU DRIVEN utility program DOS 
MANAGER for your system's opera- 
tion. Press a key—Zap! and your 
command is executed immediately. 

• DOS Tutorial 

* Format 

* Copy 

* Mode settings 


* Display file contents 
е Transmit files 
AND many more. All at a Press of a 
В key!! 
Bl For IBM PC, XT, АТ... 
# Only $39.95 + $3.50 shipping. 


send order to: 


SOFTWORLD 
PO. Box 1874, Lowell, MA 01853 
(617) 452-2189 
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MuiltiFinder allocates, by default, 384K 
bytes of memory to the application. 

This multiple-application world 
changes the memory map, as you can see 
in figure 2. The most obvious change is 
that there is now an application heap for 
each open application. Also, note that the 
system heap is not necessarily adjacent to 
the application heap, as it is in the old 
memory model, since application heaps 
are now created from the top of RAM 


Application 1 


Application 2 


Application heap 
Application 3 
Free 
space 
for 
temporary 
allocation 
MultiFinder private 
storage 


System heap 


System globals 


Figure 2: Memory organization for a 
Macintosh running MultiFinder. Notice 
that in this memory model each 
applicaiion is allocated its own stack 
and heap. The size of each heap is 
determined from information stored in 
the application. Application heaps are 
allocated starting from the top of 
memory. The MultiFinder private 
storage area contains the state 
information for each application. 


down. This created a problem with some 

existing applications that assumed the ар- 

plication heap was located immediately 

above the system heap, which was always 

true under the old memory model. This, 
usually isn't the case under MultiFinder, 

and an application that makes this as- 

sumption breaks under the new memory 

model. 

Another phenomenon of life under 
MultiFinder is that there is often a pool of 
memory that's not allocated to any appli- 
cation—it's just waiting for possible use 
by applications that may be started in the 
future. To avoid wasting this valuable 
RAM real estate, MultiFinder imple- 
ments the notion of temporary memory 
allocation. 

With this scheme, an application can 
request memory from this free memory 
pool. Typically, this is done for a modal 
situation like a file-copy operation, 
where the extra memory for buffers helps 
the job go much faster. MultiFinder pro- 
vides a procedural interface lo manage 
this memory. There are calls named 
MFTempNewHandle, MFTempDisposHan- 
dle, MFTempHLock, and MFTemp- 
HUnlock. Each of these calls performs 
the same function as its Memory Man- 
ager counterpart, except that the space 
that's managed is in this free memory 
pool. 

Obviously, the temporary memory 
idea works only through cooperation and 
good behavior among applications. 
There's nothing to stop a single program 
from grabbing the entire temporary space 
and not letting go. However, most Macin- 
tosh users won't appreciate a single appli- 
cation gobbling up all the remaining 
RAM in their machines, so it's generally 
a bad idea to do so. 


What's Next? 
In the future, Apple will continue down 
the path started by MultiFinder. This first 
effort opens the door for more features 
and stronger services that will complete 
the transition from a single-task system to 
a true multitasking environment. How- 
ever, Apple, its developers, and its cus- 
tomers have a tremendous investment in 
software. For MultiFinder, its engineers 
had to be concerned with an installed 
base of well over a million computers. 
The Macintosh has come full circle: 
Now, it must carefully evolve to its new 
MultiFinder environment, while still pro- 
viding compatibility for established 
users. M 


Alan Anderson has written numerous ar- 
ticles about the Macintosh, Lisa, and 
Apple ІН computers for various publica- 
tions. Не ix currently a writer/engineer 
living in Cupertino, California. 


Now create superb sounding | 
music on your IBM* PC. 
Ad Lib " makes it easy. 


The Ad Lib Personal Computer Music 
System. At last, you have what it takes to 
make great-sounding music. 


The Ad Lib Personal Computer Music 
System. Includes the Ad Lib Music Synthe- 
sizer Card, Juke Box playback software, free 
Visual Composer software with 50 pre-set 
instrument sounds and Composition 


Just when you thought you'd 
heard п ай, along comes д 
Ad Lib. 
And with it comes rich, , 
room-filling music like 


you've never heard from a i. ..........е....„.... $245.00 
PC before. With rumblin ES 
bass, uid as highs up- Enhance your system further with this 

t additional Ad Lib software: 


front mid-range. All of it composed 

and performed on the first complete PC 

music system for people like you — long 

on desire, a little short on experience. 
The heart of the system is the 

Ad Lib Music Synthesizer Card." 


Music Championship “#1 — Basic Con- 
cepts. Learn to identify basic musical con- 
cepts, including tempo, mode, rhythm and 
key. Perfect for all ages. The first in a series 
of music training programs combining syn- 


Ап electronic sound synthe- thesized 
sizer based on the same digital music with 
technology found in professional exciting 
keyboards and the finest music computers. computer 
Just plug it into your PC and get clean, game com- 
powerful music through high fidelity head- petition . ... 
phones, bookshelf speakers, even your $39.95 
home stereo. It'll handle up to eleven differ- 
ent instrument sounds playing at once, so үч Instrument 
its perfect for anything from a solotoa м Maker 
symphony. [dem ' software. 
There's also Ad Lib Visual Composer™ ^^? Lets you 
about the most instinctive composition | и create and 
software ever devised. Simply draw Save new 
instrument 


lines to indicate notes, using the on- ES- 
screen piano keyboard as a guide. / — 
Change instruments, tempo and 
volume with a couple of keystrokes. 
Cut, copy and paste portions of your 
music in a snap. 

Included with the program is Composition 


sounds for use with Visual Composer. Alter 
23 sound characteristics like attack, sustain 
and decay. Modeled after professional 
music synthesizer software ..... $49.95 


Look for more Ad Lib music software 


> ; titles coming soon. 

Projects "91, a step-by-step guide to | i 
creating all kinds of music, including classi- A | Requires IBM PC, XT, АТ or compatible, 256K 
cal, jazz, bossa nova, ragtime, and more. T E RAM, CGA, EGA, or MGA. 
Just the thing for an ever-expanding fi A For the name of your near- 
в. == | AN - » est dealer and a free 

Visual Composer is worth $89.95 if ку demonstration recording 
purchased separately, but it's yours A octo plac өй order, с all 
free when you buy the system. B. 


us toll free today from 
either the US or Canada. 


Ad Lib Inc. 
50 Staniford Street Ad Lib 


Then play back all of your crea- 
tions, as well as several pre- 
programmed selections, on 


the Juke Box™ playback soft- 8 
ware, also included with your system. z Suite 800 

Look for the Ad Lib Persona! Computer Boston MA 02114 
Music System™ at selected computer and n 
music stores, or order direct from Ad Lib Circle 8 on Reader Service Card 


with your check, Visa or MasterCard. 
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Intel Corp. Fairchild Semiconductor 
Literature Distribution Corp. 

Mail Stop SC6-714 Advanced Processor Div. 
3065 Bowers Ave. 4001 Miranda Ave. 

Santa Clara, CA 95051 Palo Alto, CA 94304 


Motorola Inc. Signetics Corp. 

6501 William Cannon Dr. W Mail Stop 27A 

Austin, TX 78735 P.O. Box 3409 
Sunnyvale, CA 94088 
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PERSTOR ADVANCES 
HARD DISK STORAGE 


Other RLL controllers require drives approved for RLL encoding. The PERSTOR 200 
Series Advanced RLL Controllers are compatible with standard MFM dnves and RLL 
approved drives, whether oxide or plated media. 


Our competitors offer only a 50% increase in capacity with their controllers. The 
PERSTOR 200 Series Controllers allow а 90% or 10095 increase in capacity. 


If speed is critical to you, the PERSTOR 200 Series Controllers are the answer. They 
deliver up to a 110% increase in data transfer rate, and a general decrease in system 
average access Lime. 


FEATURES: 

є ADVANCED CAPACITY — 90% or 100%, increase in capacity, 

* ADVANCED PERFORMANCE — As much as a |Ю% increase in speed in your IBM compatible 
microcomputer. 

* ADVANCED COMPATIBILITY — Compatible with either MFM or КЇТ. approved drives with oxide or 
ріне media, including Maxtor, Miniscribe, Seagate, Newbury Data, CDC, and more.* 

а ADVANCED VERSATILITY — Compatible with most PC, XT, AT, or 386 based systems in a single design. 
The bottom line is ihat you can upgrade current systems or design new systems with higher capacity, performance, 
and quality. 
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ADVERTISEMENT 


Tech Talk 


By Steve Gibson 


Finding the Ideal Keyboard: One That Won'tThrow Spitwads With Its Recoil 


You might think thal the best keyboard 
would be the last thing ГО worry about as 
| was assembling my "dream machine," 
but it was almost my first concern. 

Have you ever stopped to really think 
about the "feel" of your keyboard? I've 
long believed that the feel of à computer's 
keyboard might almost be the single 
most important aspect of the machine. 
Afer all, except for occasional mouse 
and modem usage, the keyboard is thc 
sole entry point for all of a machine's 
Чата 1 саге iremendously about the feel 
of the keyboard l'm typing with. | want it 
по feel just right under my fingers. I want 

to know from mechanical feedback, 
жете looking, when Гуе pressed a Есу 
successfully. Yet I don't want my biceps 
enlarged as a consequence. 

175 been my experience thal most 
keyboards are utterly horrible, seeming 
to come only at the far extremes of the 
oi Either they just lie there like dead 

nges, unresponsive and unreacung, or 
they fi y light back tooth and nail, daring you 
to press the next key. To either extreme I 
say, "No thanks." 

The original IBM keyboard must have 
been tough to engineer. | can't imagine 
the mechanical contnvance that was 
used to induce such a ndiculous snap 
action underneath such small keys. А 
keyboard should not be able to launch 
spitwads across the room with its recoil. 
Bruised fingeruips are not my idea of a 
typing reward, and it's no fun having 10 
close the windows on a hot summer night 
for fear of keeping the neighbors awake 
with 1he clack-clacking din. 

AU the other end of the scale we have 
the ubiquitous sponge-press keyboard. 
This keyboard dares you to determine 
whether the computer has sensed your 
data entry — which is not casy when you 
sure coubktn't sense it yourself. I'm always 
worried that the keys аге just lying there 
ИШ depressed alter I've removed my 
fingers. 

So imagine my joy about a year ago 
when І stumbled upon a keyboard that 
knocked me flat (and not from its key 
recoil). Feeling a bit like Goldilocks, 1 ran 
my fingers over its keys. Here was a 
masterpiece thal was neither too suff nor 
toa mushy — it was just right. [t had a 
marvelous snap action. 

Since the company selling this goody 

was ane of those “here today, gone 
tomorrow" generic Taiwan clone outfits, 
І purchased seven keyboards on the spat! 
I was determined never to be caught 
without one of these beauties underneath 
me again. 
As Т proudly carried my collection 
home, | reasoned that I'd be adding 
machines over the years, and | needed 
ем all to be outfitted not only with the 
best feeling keyboard ['d ever had the joy 
of touching but also with identical 
keyboards. There's nothing worse than 
moving to another machine after really 
getting used to one keyboard only to find 
that the Esc key has jumped to the other 
side of the room. Better 10 have plenty of 
spares in the garage. 

Shortly лам. the. Taiwan-based 
company from which I'd purchased my 
keyboards stopped carrying the one 1 


Stave Gibson is the developer ond 
publisher of Fheker Free and president of 
Gibson Research Corp. of irvine, Cabfor- 
mo. The vows anpressed are his awn. 
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loved, and then it stopped carrying 
anything. 

Well about two months ago | received 
a сай out of the blue from a crazy- 
sounding guy identifying himself as the 
president of Northgate Computer Sys- 
tems. Ап asked if I was aware of his ads 
in the back of InfoWorld, and he was а bit 
peeved when J said, “Мо, not really.” So 
he made me tum to the back of 
Info World to take a look. 

“Oh yeah, that's the ad with the tactile 
snap action diagram," | said. Art said this 


was the most incredible keyboard on 
earth and that he was going to send me 
one because he coutd tell from reading 
my column that | was a “touchy feely" 
kind of guy. 

] warned him about me and key- 
boards. І told him about my inventory of 
spare keyboards in the garage, and 1 said 
that nothing would move me away from 
these beautics since there was no way to 
improve upon what | already had. Ап 
was noi swayed. He told me about 
celebrities who were using his keyboard 


and said be had lots of congratulatory 
letters, and it was simply the best 
keyboard anywhere. "Boy, this guy is à 
pain, " I thought. 1 shrugged and told him 
to send it ош but that I couldn't promise 
anything. — | Ж 

When И amved, my curiosity took 
over. Imagine my surprise and delight 
when 1 found myself facing my dream 
keyboard, exactly like the four I still had 
in my garage! Г you want the best key- 
board I've ever had my hands on, check 
out Northgate's snap action keyboard. 


Critics, Corporations, Individuals Around the World Agree with Steve Gibson, 


Northgate's “C/T” is the Best 


Unlimited 
Warranty! 


СУТ" 101 
NOW COMPATIBLE 1 
WITH ALL 
IBM PS MODELS 


The Touch and Feel of An Electric Typewriter 


The sensation of the computer world, North- 
gate's Click/Tactile keyboards are setting the 
new standard for thc touch of typing. 


Not only Steve Gibson, but computer experts 
every where agree, Northgate has come up with 
what's been missing in keyboards—positive 
entry. 

Some day all keyboards will use the same 
keyswitches and quality components Northgate 
incorporates in its 84-kcy and 101-key boards. 


But for now, Northgate leads the way. Order 
yours today. If you are not 100% satisfied in 
every way, return И within 10 days for full 
refund. 


"C/T" 101 KEYBOARD $99.00 


"CT" 84KEYBOARD $79.00 
FOR ІВМ PS MODELS ADD $15.00 


FOR QUANTITY ORDERS CALL 612-553-0111 


TOLL FREE 800 453-1400 ANSWERED 24 HOURS 


COMPATIBLE WITH MOST CURRENT MODEL XT AND AT TYPE 
SYSTEMS WITH STANDARD 5-PIN DIN CONNECTOR, SOME COH- 
PUTERS ARE NOT COMPATIBLE WITH STANDARD IHM 
CONNECTORS—THESE MAY INCLUDE 5OME MODELS OF 
ZENITH. TANDY, AT&T, EPSON EQUITY, PC LIMITED 286. 


Phone Your Order Toll Free 


29805 NORTHWEST BLVD, SUITE 250 
PLYMOUTH. MINNESOTA 55441 


ІВМ, PS and AT are registered uademarksa ol JBM Corp. 


г------------ 


NORTHGATE COMPUTER SYSTEMS 
2905 NORTHWEST BLVD. PLYMOUTH, MN B44) 


| SHIP (QUANTITY) "C/T" 101 @ 399.00 
_[— (QUANTITY) "СТ" 84d $79.00 
| FOR IBM Р5 MODELS ADD $15.00 
| МАМЕ 
l COMPANY 
ADDRESS 
CITY STATE ZIP. 
VISA/MC NO. EXP. DATE 
SIGNATURE 


NOTE: ORDER PROCESSING TAKES 3-4 DAYS. WE SHIP UPS, 
FOR GROUND SHIPPING ADD $7.06 EA. POR SECOND DAY 
AFTER PROCESSING TIME ADD $12.00 EA. FOR OVERNIGHT 
AFTER PROCESSING TIME ADD $27.00 EA. 
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PC MAGAZINE REPORTS...“PC Labs tested driv 
AND NORTHGATE’S 80281 


Now, шй: Northgate Super 28 


o Throughput 


800,000 Bytes Per Second Da 
е Turbo Speed Hard Drive Controlle 


TRULY A COMPLETE, READY TO USE SYSTEM 
YOU GET ALL THESE QUALITY FEATURES: 


65MB Miniscribe Hard Drive, Formatted and 
Partitioned 32.5MB in C and D Partitions * Turbo 
Throughput 16-Bit Hard Drive КІЛ, and 1:1 
Interleave Controller е 12MHz Intel Processor 
е 2 16-Ві 6 8-Bit Expansion Slots е 1.2MB 
(Reads & Writes 360K Disks AND 1.44MB 
Drive (Reads & Writes 720K) * 200 Watt 
Power Supply * 2 Parallel, 1 Serial Port * 

Full Size (Not Baby Size) Case with Keylock, 
Turbo On/Off, Indicator Lights • 14 Inch 
Tilt/Swivel Flat Screen Amber Graphics 

> Monitor with 1000 Line Resolution Capa- 
bility for CAD * Hercules Compatible 
Graphics Card е Latest Version MS-DOS 

3.3 with GWBasic including hardbound 
manuals for both (Northgate is a 

Microsoft OEM Licensee). 


AND NOW, TO GIVE YOU EVEN 
GREATER PERFORMANCE... 


DRIVE CACHING AND VOPT™ 
OPTIMIZER ARE INCLUDED! 


Installed on your hard drive is Northgate's 
exclusive Insta-Cache™ Hard Disk Caching 
program. Once а file is read it's in cache. Retriev- 
ing it again is O-walt. No hard drive access 1s 
needed. This is an $80.00 value. yours at no 
extra cost. AND..WE ALSO GIVE YOU THE 
BEST DISK OPTIMIZER PROGRAM EVER— 
VOPT™ BY GOLDEN BOW SYSTEMS. 
CLEANS UP FRAGMENTED SECTORS AUTO- 
MATICALLY EVERY TIME YOU START YOUR 
SYSTEM. А $50.00 VALUE. AGAIN YOURS 
FREE WITH THE NORTHGATE 286. 


The Bottom Line 


40070 taser eioming 94214000 


complete 


Features Unmatched Anywhere as shown 


throughput on all the (21) machines in this review, (Feb. 16, 1988) 


WAS THE FASTEST... 


Computing Power 


Transfer Rate е КІЛ, Encoded Hard Drives * 1:1 Interleaving 
* World's Highest Performance AT Class Computer System! 


COMMON HARD DRIVE CONTROLLERS 


HERE'S THE 
SECRET OF 
TURBO 
THROUGHPUT 


THE ADVANCED 
DESIGN THAT 
MAKES THIS SYS- 
TEM PERFORM 
400%. FASTER 
THAN OTHER AT 
TYPE COMPUTERS 
AS THEY ARE 
COMMONLY CON- 
FIGURED AND 
SOLD BY MOST 
VENDORS IN THE 
PC INDUSTRY! 


ORDINARY 
PARTS 


CONTROLLER ж 
ORDINARY 
PERFORMANCE 


Virtually no con- 
trolters can до RLL 
and 1:3 interleaving 


Dota Transter, the true measure of com- 

ruer performance. cannot exceed 
—thus slow down 200. byles per second in getting data 
data Lranaler. In the campuler’s processor 


NORTHGATE HAS 400% FASTER SYSTEM PERFORMANCE? 


Other venders supply only MFM t 
drives. Even theac eh 2845 мия 
slower than Lhe Northgai System. 


NORTHGATE = 
igar 800,000 
RBO BYTES PER SECOND 
CONTROLLER DNATA TRANSFER RATE 
400% FASTER 


NORTHGATE NORTHGATE 


SYSTEM IS 
400% 
FASTER 


Northgate's 16-Bilt 
Northgate's unique Ната Drive is RLI Еп Turbo Throughput 
coded (50% more formatted eapacily) Coniroiler enables 
AND with ІЛ Interleave reidalwrites data our high specd Data 
faster than 28ms drives. Transicr rate. 


Northgate Delivers System Performance 
Unmatched by Other Vendora. Ask them 
and prove (t то усыг) 


Moat computers look similar. Most vendors advertise 
processor speed and 2BMS hard drive access. There [s 
little to distinguish one from another. Thua everyone 
tenda to assume all computers are alike. 


NOT ВО. Northgate is truly a different System. And 
because [t is, the computer buyer gets far greater com- 
puter value for hls money. That's why Northgate has 
soared in popularity. Those who know choose Northgate 


They know they get value through performance thint'5 
demonstrated every time they turn on the system. They 
know ал parts are Wortd Class, not the ordinary "off the 
shelf" Items others use іп keep coats down. 


Northgate pioneered RLI. Hard Drive and 1:1 Inter- 
leaving in its 286 eystems. To our knowledge. no com- 
petitor even offers these vital performance features. 
Call them. We did. Only Northgate gives you this 


unique throughput-enbancement. 


If Northgate pricing seems higher, don't be 
deceived by Bare Bones Prices you see in 
others’ ads. Northgate's System is complete 
—IT'S THE 286 SYSTEM YOU WON'T OUT- 
GROW! We encourage you—Shop Around, 
Call all the Others and Compare. 


ALL THIS PLUS...The Computer Industry's Most Meaningful Service and Warranty Policy... 


3O0-Day Compatibility Warranty: 

Northgate lees tis systrms will nperate any зносе, 
commercial y umllabie DOS programa written [pr use on IBM 
Compatible Computers Jf, on consullation with Narthgate. 
a program cannot be made 10 operate satisfactorily. owner may 
return the system, complere and unaltered for а prompl and 
Full refund 1nriuding all freight costa. 


One-Year Overnight AT NORTHGATE 
EXPENSE Parts Варіасетелі Warranty: 

N te Computer Syslema warrants thal all aysiems sold 
by Northgate will be [ree of defects in workmanship end 


materials for one year from date of shipment 


2905 NORTHWEST BOULEVARD SUITE 250 
PLYMOUTH, MINNESOTA 55441 


е [n the event offallure оГа pari thal disables the system North- 

пе wi ship. the samre day IT nodfied by 12 Noon Central 

me. а nes replacement part. Cuslomer must phone North- 
gale Customer Service for diagnoala of the failure. 

« Shipment of the replacement! pari м1) be by overnight- 
express service—A] NORTHGATE'S EXPENSE ог пех! 
day delivery depending an lhe сасгігге abllily to provide 
such service іп owner's geographic area 

* Owner must return any replaced part, camplete and 
utialiered, атый pay return shiping costs. іп be pecelved al 
Norihpule within Uwe weeks after recelving the eeplacenient 


. АГИЯ Сизїотет Service дерагітлети will previde full 
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USE OUR TOLL FREE ORDER LINE 


Instructions on making the repair or replacement and will 

consult with customer nn thr phone to assure repair ів 

roperiy completed and lhe system 15 again operating. 

е Jn the case ofa complete system гсіштісі [or re puir under 
warmnly, customer pays (retght to Northynte and Northgute 
pays return ге іі by whalever service lie syalem із sent 
tp Norihgate. 

[n the event of u рагі replaced under warranty, the new part 
carries a NEW ONE-YEAR GUARANTEE FROM SHIP GATE! 
NOTE: Many computer vendar extend only the paris 
manufacturer's warranty which may be аз [tle ая %0-йл 
All products sold by NORTHOGATE are fully guaranteed m 
Northgate for опе year form date of shipment. 


800-548-1993 


VISA MC COD TERMS: Credit Card, Pre-Payment (allow 2 


weeks for personal checks to clear) Wire Transfer and Purchase 


Orders for Rated Accounts. We also ship to APO and FPO. АП 
shipments are FOB Minneapolis, MN 
\ 


ALL CORPORATION AND DRAND NAMES IN THIS AD ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS. NORTHGATE 18 NOT RESPONSIBLE FOR ERRORS OR OMMISSIONS IN THIS 
ADVERTISEMENT. * PRICES ARE SUBJECT TO CHANGE WITHOUT NOTICE. + TURBO THROUGHPUT. INSTA-CACHE AND NORTHOATE ARE TRADENAMES OF NORTHOATE COMPUTER 


SYSTEMS. COPYRIGHT 1988, NORTHGATE 


Get Your $ 
RS232C 


In A Snap. 


R5232 was developed to simplify communi- 
cations between computers, peripherals and 
other electronic equipment. But what started 
out simple has become more complex, with 
different manufacturers using different cable 
configurations. All of which a isolating and 
fixing problems more time-consuming. 

an industrial answers the problem 
with a complete line of breakout boxes that not 
only make locating and changing signals quick 
and easy, but also bes the system communi- 
cating while you test. 


Monitor 15 Lines 
For Less Than $100. 


The line-powered Model 725 lets you mon- 
itor the most common 15 lines including most 
modem communications. 
Red or green LEDs make 
identifying positive and 
negative voltages easy. 
Dual-gender connectors 
make hook-up a snap. 

And any additional line can 
be monitored via jumpers 
to a spare set of LED mon- 
itors. Plus, its tough ABS, ж 

snap-light case features a removable cover for 
added convenience. There's even an optional 
zippered vinyl case available. 


A Breakout Box And 
Cable Tester In One. 


Beckman Industrial makes your job twice 
as easy with a feature no one else offers. The 
Model 785 is a combination breakout box and 
cable tester. Its battery-powered operation 
allows you extra mobil and freedom while 
100 LEDs allow you to fully monitor 25 lines. 
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Model 725 $99.00 
Breakout Box 

Monitors 15 pnmary dala 
communications lines. 

Red arid ) green LEDs identify 
+1- volta 


Includes ыт Red/Green LED set. 


Jumpers included. 


Jumpers паиға  _ 
Optional vinyl case available. 
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And, of course, it's also a full-function cable 
tester. With support for parallel interfaces and 
automatic or manual scanning of all lines. 
Easy-to-use faceplate voltage jacks, pulse trap- 
ping, and separate DIP switches to perform 


It's that sim 
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Model 785 $345.00 
Breakout Box & 
Cable Tester 


100 battery-powered LEDs. 
Full-lunction RS232C cable 

lester scans all lines. 

Signal emulation via faceplate 
voltage jumpenng 

Pin 2 to pin 3 crossover swilching. 
2 sec signal pulse trap 


System. Just pick any combination of 15 dif- 
ferent connector modules included in the kit, 
install it in the 705 case and snap on the cover. 


le. 
versatility, you can leave ап Easy 


PATCH in the line to keep vital data communi- 
cations going while you repair a bad 


modem loopback settings are only a few of — | connector or cable. 
чеш. ee Visit your local distributor today 
Presentin A Whole = for Beckman Industrial's data 
communications test equipment. 

New Way o Patch. Or write for a free eight-page 

То keep your RS232C and RS449 brochure, | 
communications on speaking terms And keep your lines of 
and make signal emulation easy, communication open. 


ma Beckman Industrial has 
devised a system that lets 
Ex you custom-build patch boxes 
right in the field. Another first from 
Beckman Industrial to make your job 
easier. Try the Model 701 Quadverter 
to solve printer interface problems, 
or the Model 702 Quad П to make 
patching RS232C to RS449 simple 
"and quick. 

Better yet, build your own patch system 
with the Model 703 Easy PATCH" machine 


Beckman Industrial 


Beckman Industrial Corporation 

Instrumentation Products Division 

A Subsidiary of Emerson Electric Campany 

3883 Ruffin Road, San Diego, CA 92125-1808 

(619) 495- oo FAX (619) 268-0172 • TLX 249031 
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Ciarcia's Circuit Cellar: 

The SmartSpooler 

Part 1: The Spooler Hardware 
by Steve Ciarcia 


Dynamic Linking in OS/2 
by Gordon Letwin, Chief 
Architect, Systems Software, 
Microsoft Corp. 


When Facts Get Fuzzy 
by Bradley L. Richards 


Faster Than Fast Fourier 
by Mark A. O'Neill 
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UNLEASH YOUR 80386! 


Your 80386-based PC should run two to 
three times as fast as your old AT. This 
speed-up is primarily due to the doubl- 
ing of the clock speed from 8 to 16 MHz. 
The new MicroWay products discussed 
below take advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old AT! These new pro- 
ducts take advantage of the 32 bit regis- 
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set They include a family of MicroWay 


80386 compilers that гип in protected 
mode and numenc coprocessor cards 
that utilize the Weitek technology. 

The benefits of our new technol- 
ogies include: 
e An increase in addressable memory 
from 640K to 4 gigabytes using MS- 
DOS or Unix. 
ФА 12 fold increase in the speed of 32 bit 
integer arithmetic. 
* A 4 to 16 fold increase in floating point 


mW1187 Numeric 
Board 


MicroWay 80386 Compilers 


NDP Fortran-386 and NDP C-386 are globally 
optimizing 80386 native code compilers that 
suppon a number of Numeric Data Processors, 
Including the 80287, 80387 and mW1167. They 
generate mainframe quality optimized code and 
аға syntactically and operationalty compatible to 
the Berkeley 4.2 Unix 177 and PCC compilers. 
MS-DOS specific extensions have been added 
where necessary to make it easy to port pro- 
grams written with Microsoft C or Fortran and 
R/M Fortran. 

The compiters are presently available in two 
formats: Microport Unix 5.3 or MS-DOS as ex- 
tended by the Phar Lap Tools, MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
is the use of 32-bit integers to address arrays. 
NDP Fortran-386 generates 32-bit code which 
execules 3 іо 8 times faster than the current 
generation of 16-bit compilers. There are three 
elements each of which contributes a factor of 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the use of 
inline 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilization of the 
system data bus. 

An example of the benefit of excellent code isa 
32-bit matrix multiply. In this benchmark an NDP 
Fortran-386 program is run against the same 
program compiled with а 16-bit Fortran. Both 
programs were run on the same 80G86 system. 
However, the 32-bil code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-bit code executing on an ІВМ PC. 
МОР FORTRAN-386'" ............... $595 
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MicroWay Numerics 

The mW1167 " is a MicroWay designed high 
speed numeric coprocessor thal works with the 
80386. It plugs into а 121 pin “УУейек" socket 
that is actually a super set of the 80387. This soc- 
Кей is available on a number of motherboards 
and accelerators including the AT&T 6386, 
Tandy 4000, Compaq 386/20, Hewlett Packard 
RS/20 and MicroWay Number Smasher 386. It 
combines the 64-bit Weltek 1162/64 floating 
point multipiier/adder with a Weitek/Intel de- 
signed "glue chip". The mW1167" runs at 36 
MegaWhetstones (compiled with МОР Fortran- 
386) which is a factor of 16 faster than an AT and 
2 to 4 times faster than an 80387. 

mW1167 16 MHz.................- $1495 
mW1167 20 MHz.................. $1995 


Monoputer" - The INMOS ТВОО-20 Trans- 
puter is a 32-bit computer on a chip that features 
a built-in floating point coprocessor. The T800 


speed over the 80387/80287 numeric 
coprocessors. 

Equally important, whichever Micro- 
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro- 
Way the world leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 

617-746-7341 
After July 1988 call 508-746-7341 


МісгоМ/ау” 
80386 Support 


80386 Multi-User Solutions 

AT8" - This intelligent serial controller series is 
designed to handle 4 to 16 users in a Xenix or 
Unix environment with as little as 3% degrada- 
tion in speed. I has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 


systems. 

АТ4- 4 users ............ "PTT $795 
АТВ - В ивегб....................... $995 
AT16 - 16 users ................... $1295 


Phar Lap" created the first tools that make it 
possible to develop 80386 applications which 
run under MS-DOS yet take advantage of the full 
power of the BO3B6. These include an 80386 
monitor/loader that runs the 80386 in protected 
linear address mode, an assembler, linker and 
debugger. These tools are required for the MS- 
DOS version of the MicroWay NDP Compilers. 


puc жее cetera pi rs ce ae А Phar Lap Тосів...................... $495 
cessing machines. Monoputer comes 
either the 20 MHz T800 or the T414 (а 1800 PC/AT ACCELERATORS 
without the NDP) and includes 2 megabytes ol 287Turbo-10 10 MHz.............. $450 
processor memory. ТІ language sup- 287Turbo-12 ТЕР. сс nics ven ns $550 
port from MicroWay inciudes Occam, C, Fortran, 287TurboPtus-12 12 MHz ........... $629 
Pascal and Prolog. FASTCACHE-286 9 MHz .......... ..$299 
Monoputer T414-20 with 2 тед’...$1495 FASTCACHE-286 12 MHz ........... $399 
Monoputer T800-20 with 2 meg! ...$1995 SUPERCACHE-286 ................. $499 
Quadputer™ can be purchased with 2,34 MATH COPROCESSORS 
transputers each of which has 1 or 4 megabytes 80387-20 20 МНт................... $895 
of memory. Quadputers сал be cabled together 80387-16 16 МН2................... $495 
to build arbitrarily fast parallel processing 80287-10 10 МН2................... $349 
systems that are as fast or faster than todays 80287-88MHz..................... $259 
mainframes. А single TBOO is as fast as ал 80287-6 6 MHz ..................... $179 
80386/mW1167 combination! 8087-2 8 MHz ...................... $154 
Biputer " T800/T414 with2 meg'....$3495 8087 5 MHz ......................... $99 
Quadputer 4 T414-20 with 4 meg' ...$6000 
‘includes Occam 

The World Leader in PC Numerics 


Р.О. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 
32 High SL, Kingston-Upon-Thames, U.K., 01-541-5466 
St. Leonards, NSW, Australia 02-439-8400 


CIARCIA'S CIRCUIT CELLAR 


Steve Ciarcia 


The SmartSpooler 


Part 1: The Spooler Hardware 


Steve clears your printer's 
throughput bottleneck and comes up 
with more than a buffer 


The discrepancy in speed between fast CPUs and 
slow printers has existed since the early days of 
computing, and the magnitude of the speed dif- 
ference is becoming ever larger. When you up- 
grade and add performance to a computer system, 
| you generally add processing power rather than 
printing power. The net result is that many 20-MHz 80386 
^million-instructions-per-second-class'" machines out there are 
waiting for 100-character-per-second printers. 

Admittedly, many computer users have light printing require- 
ments, and they don't mind waiting 5 to 10 minutes for an occa- 
sional printout. Some, I'm sure, welcome this downtime as a 
mandatory coffee break. However, those who rely on their com- 
puters as a tool for making a living know that time is money. 


Spooling to the Rescue 
This problem is not new, and one solution has always been 
spooling. Spool stands for "simultaneous peripheral operations 
on-line." Pioneered on mainframes and minicomputers, spool- 
ing solves the CPU/printer speed gap by temporarily buffering 
printer output on intermediate storage (typically a disk drive) at 
high speed. Then, you move the stored data from storage to the 
printer at the latter's low speed. In the meantime, the CPU also 
runs foreground applications. 

Traditional spooling has been tried on personal computers 
with limited success. One problem is that spooling requires an 
operating system with either multitasking capabilities or special 
software patches that effect 
the appearance of simulta- 
neous operation. Even with a 
multitasking operating system 
or a patch, however, spooling 
often taxes the computer's 
processing power and affects 
system performance. 

Spooling atso creates prob- 
lems in disk priority and data 
conflicts. If not properly co- 
ordinated through the operat- 
ing system, a computer's disk 
can get “trashed” if it has to 
handle print data and applica- 
tion data at the same time. 
Given the declining cost of 
processing power and mem- 
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ory, it finally became obvious that a separate computer should 
handle the printing task, which led to the dedicated printer 
buffer. 

І have received many letters over the years asking when I 
would present a printer buffer as a project. Generally, I would 
avoid answering the question or jokingly say "never." Of 
course, it really wasn't a joking matter. It troubled me greatly 
that I couldn't do justice to such an important subject and had to 
live with such an embarrassing answer until I could invest the 
time and effort to present a Circuit Cellar-quality design. Let 
me explain. 

Most printer buffer projects are cumbersome and simplistic. 
The ones I remember seeing offer only rudimentary functions 
and use 40 or 50 chips for a 64K-byte buffer. 

Commercial units, on the other hand, have narrowly defined 
capabilities enhanced by software-implemented system func- 
tions and tricky hardware designs intended to reduce manufac- 
turing cost and complexity. 

І recall seeing one rather unique printer buffer design that 
used an 8051 single-chip microcomputer connected to dynamic 
RAMs (DRAM s) that operated serially. The 8051 would con- 
stantly cycle through the DRAM addresses al a rate that pre- 
cluded any need for DRAM refresh. The system stored text seri- 
ally in the individual 64K- by 1-bit DRAMs rather than in a 
parallel bank of them, as you'd usually expect. An 8K-byte text 
buffer therefore consisted of a single 64K-bit DRAM chip, 
while a 32K-byte buffer used four, and so on. 

While I am not totally opposed to off-the-wall hardware de- 
signs, fancy technique has its price. Most computer-based tech- 
nical designs are a trade-off between hardware and software. 
Anytime a company expects to be manufacturing something in a 
high-volume quantity, it tries to minimize recurring hardware 
costs by doing as much as possible in the one-time nonrecurring 
software development phase. 

In a magazine article, how- 
ever, there aren't any recur- 
ring expenses (beyond a few 
prototypes), therefore all costs 
associated with the one-time 
presentation are essentially 
nonrecurring. Since most 
magazine authors don't have 
infinite software resources 
(and deep pockets), published 
print spooler designs have 
usually ended up as a far cry 
from commercial units, both 
in technique and capability. 

I could hardly criticize me- 
diocre designs if I presented a 
piece of hardware that merely 

continued 
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While l've presented SmartSpooler 
primarily as a printer buffer, 

it can function as a complete remote 
data-processing computer. 


met the objective with little regard for the hardware costs and 
complexity. At the same time, it would be insane to custom- 
mask an 8051 and present a three-chip printer buffer project that 
demonstrates nothing to readers who want to learn something 
about the architecture of printer buffers. 


Fast Computers, Siow Printers 
With the Circuit Cellar SmartSpooler, I have achieved my goal. 
This is an efficient integration of commercial and educational 
objectives. I've complemented its hardware design with inter- 
rupt-driven software that does not compromise performance to 
maintain cost-effectiveness. Designated as a spooler rather than 
as a simple printer buffer, SmartSpooler vastly improves com- 
puting throughput with slow peripherals. 

SmartSpooler has 256K bytes of memory, serial and parallel 
I/O ports, and features that improve versatility and ease of use. 


Figure 1: (a) The 
SmartSpooler combines the 
function of a 256K-byte 
printer buffer and a 
serial/parallel converter 
switch. (b) its HD64180 
CPU—with built-in serial 
ports, extensive interrupt 
handling, address range 
beyond 64K bytes using direct 
memory access, and easy 
DRAM interface—is ideal for 
this application. 
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These include "switchbox" capability for routing serial or par- 
allel computer input to serial or parallel printer output, the abili- 
ty to print multiple copies, single-sheet feeding mode, and 
buffer capacity indicators. Also, you can daisy-chain multiple 
SmartSpoolers to control a whole network of peripherals. 

More important, SmartSpooler is intelligent. While I’ ve pre- 
sented it primarily as a printer buffer, a host computer can com- 
pletely control its operation. You can even download executable 
code to SmartSpooler. It can function as a complete remote 
data-processing computer that analyzes and interprets the data 
flowing through it. 

After a summary of SmartSpooler's features, ГІ! cover some 
printer buffer basics and then describe SmartSpooler's hard- 
ware and software specifics. 

SmartSpooler has the following features: 


e 256K-byte buffer capacity — 100 pages (typically) 

• Switchable serial (RS-232C) or parallel (Centronics) inputs 
and outputs 

* Serial port data rates: 300, 600, 1200, 2400, 4800, 9600, 
19,200, and 38,400 bits per second (bps) 

* Serial port handshaking: hardware (RTS, CTS, and so on} and 
software (KON-XOFF) 

* Multiple copy capability: 0 to 4 copies plus original 

* Pause mode for single-sheet feeding 
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* Real-time clock ( power required) 

* Front-panel buffer capacity gauge 

* Host programmed configuration and operation mode 

* Built-in interactive diagnostic monitor program 

* Low power (5 volts [V] at 0.5 ampere [A], +12 V at ОЛА 
typical) 


Generic printer buffers come with a variety of functions. 
SmartSpooler combines the best features of these other printer 
buffers and adds a few of its own. SmartSpooler sits between a 
computer printer port and the printer. Since it provides both 
parallel and serial I/O ports, it adapts between computers and 
printers of each type. 


iMPUT 
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XTAL 
EZ 12.266 MHz 


When the computer prints, SmartSpooler accepts the data at 
high speed, buffers it, and outputs it to the low-speed printer. 
From the computer's point of view, printing a document takes 
only seconds. During the printout, SmartSpooler can make 
copies, temporarily suspend printing ( pause button), and han- 
dle embedded formfeeds for single-sheet printing. 


Hardware—Keep It Simple 
The hardware requirements for SmartSpooler are simple: a 
CPU, buffer memory, and host/printer ports (serial and paral- 
lel). We also need some parallel I/O ports to handle switches 
and LEDs for SmartSpooler's front-panel operation. 

I used the complementary-metal-oxide-semiconductor 
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HD64180 CPU because it is ideally suited to the task and signif- 
icantly reduces the hardware complexity. First, it includes two 
RS-232C serial ports on-chip, eliminating an external dual- 
UART (universal asynchronous receiver/transmitter) chip. 

Second, the need for a large, low-cost buffer demands dy- 
namic memory chips. The HD64180, with its built-in refresh, 
easily accommodates DRAMSs and offers a performance level 
that can meet today's high-speed communications require- 
ments. (Though the task seems simple, many computers choke 
when running terminal emulator programs at 19,200 or 38,400 
bps.) 

The SmartSpooler block diagram in figure 1 shows the three 
basic components: CPU (i.e., HD64180), memory (1.е., 


j 
Lg 
> 


ica 
7415138 


DRAM and SmartSpooler EPROM), and I/O (i.e., host, 
printer, switches, and LEDs) interface. The SmartSpooler also 
provides an SB180 XBUS I/O expansion connector for addition- 
al I/O (more on that later). See figure 2 for the complete Smart- 
Spooler schematic (less the section covering the DIP-switch set- 
tings and LEDs, which I wil] cover next month). 

The EPROM socket (ІС?) accepts 8K-byte (2764) to 64K- 
byte (27512) EPROMs, though the SmartSpooler code pres- 
ently requires only 16K bytes (27128). Because of the on-chip 
DRAM refresh controller, connecting 256K bytes of DRAM is 
relatively easy. All the HD64180 needs are three 74LS157 row/ 
column address multiplexers (IC8 through 1С10} and a CAS| 


continued 


Figure 2a: Schematic for 

Ihe SmartSpooler's CPU and 
serial ГО section. [Not 
shown this month are the 
6821 peripheral interface 
adapter and other circuitry 
associated with the 

switches, push buttons, and 
LEDs; that portion will 
appear next month.) 
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generator consisting of a flip-flop and a couple of gates (IC5, 
IC6, and IC19). The plastic-leaded-chip-carrier version of the 
HD64180 can address 1 megabyte, but I feel that 256K bytes is 
more than adequate for typical printing applications, and it 
keeps power consumption iow. 

If you examine the SmartSpooler's architecture closely, you 
will note some similarities with the SB180 single-board com- 
puter (see the September 1985 Circuit Cellar). Considering the 
performance and popularity of the SB180, any similarities are 
purely intentional. The SmartSpooler's core architecture lets it 
be more or less software-compatible with the BCC180 multi- 
tasking controller (presented the last three months) and the 
$8180. Remember that you can download executable code to 
the SmartSpooler using its host programmed mode. This code 
could be a compiled BASIC program generated on a BCC180 
just as easily as any HD64180 assembly code produced on an 
IBM PC cross assembler or the SB180. 


5 
0825$ 
STREE [о 
DATA1 |0-5- 
рата: |051 
DATA [О-о 
DATAA |09 
PARALLEL J 
INPUT 
cBasv 
CINCS 
09-07. А0-А19 


Figure 2b: The SmariSpooler's parallel I/O section. 


SmartSpooler's I/O 

SmartSpooler has two serial ports and two parallel printer 
ports. Since the HD64180 has two on-chip serial ports, the only 
extra hardware needed for the RS-232C ports are a pair of 
MC 145406 RS-232C level shifters (IC2 and IC3). The rest of 
the I/O hardware consists of the Centronics I/O ports and the 
front-panel switch/LED interface. 

А 7415138 (IC4) КО address decoder generates eight chip 
selects. Two outputs are reserved for XBUS addressing: I/O ad- 
dresses EO to FF hexadecimal. Two chip selects are connected 
to the HD64180 direct-memory-access request inputs, and the 
remaining four are associated with the Centronics [/O ports. 

The Centronics output port consists of a 74LS374 (IC22), 
which latches the output data, plus both halves of a 74LS74 
(IC23) for controlling the handshaking. To send a character to 
the device connected to the port, the control software first 

continued 
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Figure 2c 
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Paraltel input port timing 


1. The host sets up the data and asserts STROBE, which 
causes BUSY to immediately бе asserted. 


2. The host deasseris STROBE, which latches the data and 


generates an interrupt request to the HD641B0. 


3. The SmartSpooler interrupt handler reads the data and 
asseris ACKNLG (1х CINCS). 


4. The SmartSpooler deasserts ACKNLG (IN CINCS+1). 
5. The SmartSpooler deasserts BUSY (IN CBSY). 


Figure 3a: Timing diagram for SmartSpooler's parallel input port. 


Parallel output port timing 


—»> АКМ | [ 1 


INTI to CPU | | 
2 
«= Тқ, тии» СЧ g 
-—- STROBE з] [4 


1. The printer asseris ACKNLG in response to the previous 
data byte received. The trailing edge generates an 
interrupt request to the HD64180. 

2. The HD64180 sets up the next data byte (OUT COUTCS). 

3. The HD64180 asserts STROBE (OUT COUTSTB--1). 


4. The HD64180 deasseris STROBE (OUT COUTSTE). 


Figure 3b: Timing diagram for the parallel output port. 


writes the byte out to port 90h. This latches the byte into the 
74LS374 and also clears INT1Y high. (INT1! is used during the 
acknowledge sequence that I'll describe next.) 

Next, the program accesses (either reads or writes) port Alh 
to assert STROBE| on Jó low. Finally, the software accesses 
port АОН to cause STROBE\ to go high, signaling the target 
device that a byte is ready. 

Once the target printer device has retrieved the byte and wants 
to tell the spooler that it is ready for another byte, the device 
asserts the ACKNLG\ line on 16 low, then sets it high again. 
The rising edge clocks the 741574 and forces INT1\ low, gen- 
erating an interrupt. Writing the next byte out to the Centronics 
port (usually part of the interrupt service routine) clears the 
interrupt. 

The Centronics input port is similar to the output port, but it 
works in reverse. When the device connected to J5 sends the 
spooler a character, the device simultaneously generates a low- 
to-high signal on the STROBE! input. This latches the data into 
а 7415374 (IC20) and sets INTO low, generating an interrupt 
to the HD64180 processor. It also clocks another flip-flop, 
sending the BUSY line to the input device into a high state. 

As part of the interrupt service routine, the processor first 
reads port 80h to get the character being sent to it by the input 
device. The port access also clears the interrupt and causes the 
ACKNLG\ output to go low as the first part of the acknowledge 
sequence. Next, an access to port 81 sets ACKNLG\ high 
again, signaling the input device that the character has been read 
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and the spooler is ready for another. Finally, it accesses 1/О 
port BOh, causing the BUSY output to go low. This signals 
those devices that rely on the BUSY signal that SmartSpooler is 
ready for another character. Figure 3 shows the timing details of 
the parallel I/O ports. 

Purists may argue that SmartSpooler does not support the full 
Centronics interface, which, technically, includes additional 
signals like Paper Error, Error, and Init. However, these signals 
(and other vendor-unique signals) are inconsistent for different 
computers, printers, and software. Just in case, SmartSpooler's 
output port does provide an option for handling a Printer Error 
input signal, You can jumper it to ММЦ. 


Experimenters 

While printed circuit board kits for the SmartSpooler are avail- 
able, I encourage you to build your own. If you don't mind doing 
a little work, I will support your efforts as usual. You can down- 
load a hexadecimal file of the executable code for Smart- 
Spooler's system EPROM (27128) from my bulletin board at 
(203) 871-1988. Alternatively, you can send me a preformatted 
IBM PC disk with return postage, and ГІ! put all the files on it 
for you (add $6 for the SmartSpooler User's Manual). Of 
course, this free software is for noncommercial personal use. 


Next Month 
ГЇ! finish the hardware by explaining the switch and LED con- 
figuration and describe SmartSpooler's software. 8 
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Ға like to personally thank Tom Cantrell for his extensive work 
on this project. Without his software expertise, Ға be һоре- 
lessly mired in an ocean of biis forever. 


Editor's Note: Steve often refers to previous Circuit Cellar articles. 
Most of these past articles are available in book form from BYTE 
Books, McGraw-Hill Book Co., P.O. Box 400, Hightstown, NJ 08250. 

Ciarcia's Circuit Cellar, Volume I covers articles in BYTE from Sep- 
tember 1977 through November 1978. Volume ff covers December 
1978 through June 1980. Volume И covers July 1980 through Decem- 
ber 1981. Volume IV covers January 1982 through Junc 1983. Volume V 
covers July 1983 through December 1984. Volume VI covers January 
1985 through June 1986. 


It's virtually impossible to provide all the pertinent details of a project 
or cover all the designs l'd like to in the pages of BYTE. For that reason, 
I have started a bimonthly supplemental publication called Circuit Cel- 
lar Ink, which presents additional information on projects published in 
BYTE, new projects, and supplemental applications-oriented materi- 
als. For a one-year subscription (6 issues), send $14.95 to Circuit Cel- 
lar Ink, P.O. Box 3378, Wallingford, CT 06494. Credit card orders can 
call (203) 875-2199, 


The following items are available from 


CCI 

P.O. Box 428 
Tolland, CT 06084 
(203) 875-2751 
Inquiry 951. 


1. SmartSpooler RAMless full printed circuit board kit for parallel-to- 
parallel operation. Comes complete with printed circuit board and all 
printed-circuit-board-mounted components, including HD64180, ІС 
sockets, SmartSpooler software on EPROM, and User's Manual. Less 
DRAM chips- SSUI-KIT снесено uoa ven aaa бааа ааваа $119 
2. SmartSpooler experimenter's kit for parallel-to-parallel operation. 
Comes with printed circuit board, crystal, HD64180 and plastic- 
leaded-chip-carrier socket, software on EPROM, and User's Manual. 
Available only through September 30, 1988. SS02-EXP............. $89 


Optional serial port ribbon cables are available. Call for pricing. 


The SmartSpooler design is available for licensing to qualified manu- 
facturers. Call for information. 


АП payments should be made in U.S. doilars by check, money order, 
MasterCard, or Visa. Surface delivery (U.S. and Canada only): add $5 
for U.S., $8 for Canada. For delivery to Europe via U.S. airmail, add 
614. Three-day air freight delivery: add $10 for U.S. (UPS Blue}, $25 
for Canada (Purolator overnight), $45 for Europe (Federal Express), or 
$60 for Asia and elsewhere in the world (Federal Express). 


There is a multiline Circuit Cellar bulletin board system (running TBBS 
2.0M) that supports past and present projects in BYTE and Ink. You arc 
invited to call and exchange ideas and comments with other Circuit Cel- 
lar supporters. The 300/1200/2400-bps BBS is on-line 24 hours a day 
at (203) 871-1988. 


To reccive information about the Circuit Cellar [nk publication for 
hardware designers and developers, please circle 100 on the Reader 


Service inquiry card at the back of the magazine. 


Steve Ciarcia (pronounced "see-ARE-see-ah") is an electron- 
ics engineer and computer consultant with experience in pro- 
cess control, digital design, nuclear instrumentation, and prod- 
исі development, The author of several books on electronics, he 
can be reached at Р.О. Box 582, Glastonbury, CT 06033. 
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diagnostics offers such in-depih testing on as many different types of 
equipmant by isolating problems to the board and chip level. 


NEW: SuperSolt's ROM POST performs the mos! advanced 
Power-on-Self-Test availabte for system boards that are compatible 
with the IBM ROM BIOS. It works even in circumstances when the 
Service Diagnostics diskette cannot be loaded. 


NEW: 386 diagnostics for hybrids and PS/2s! 


For over nine years, major manufacturers have been relying on 
SuperSoft's diagnostics software to help ihem and their customers 
repair microcomputers. End users have been relying on SuperSoft's 
Diagnostics il for the most thorough hardware error isolation 
available. Now versions of Service Diagnoslics are available to save 
everyone (including every serious repair technician) time, money, 
and headaches in fixing their computers, even non-IBM equipment. 
Alf CPUs & Numenc Co-processors All Color Graphics & Monochrome 
System Expansion & Extended Memory Monitors 
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System Board: OMA, Timers, interrupt, Adapters 

Real-time Clock & CMOS config. RAM А Keyboards & the 8042 Controller 


Join the ranks of XEROX, NCR, CDC, SONY, PRIME, ... who have 
bundled SuperSoft's diagnostics with their microcomputers аі no risk 
because of our 30 day money back quarantee. 


Service Diagnostics for PC, PCAC, and compatibles опу ‚.............................. . $189 
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Afignmaent Diskette tor AT and се келен 
Wrap-arcund Plug lor AT (serial) .. 

ROM POST far PC. PORT, and compatibles only... 


$169 
"rine OR илти кита a $ 50 
we 15 
oss . $245 
ROM POST lor АТ and сотран 85 Only eroe rennen tana 9248 
Service Diagnosiica: The KIT (includes allot һа ahove—seve $502] ........ $4895 
Service Diagnostics fox all other CPUs (386, V20, V39. Harris, ріс.) uuu S195 
Diagnostics llis the solution to the senvica problems al users ol all CP/M- 80, 
CP/M-B6 and MS-DOS computers ... —A——V———— В 28 
ROM POST tor PS/2 and compatibles only ... - кил Ее к Т $245 
Alignment Diskarta Таг 25/2 and compatibles 8. Sinch) .. T "— mu" 50 


Wü ла рена К пгт 


энен ee be Бф ч ҢЫ” тиз 


To order, call 800-678-3600 or 217-359-2112, 
FAX 217-398-5923, or write SuperSoft. 
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New From Osborne/MeGraw-Hill 


The 5/2” Books by The 08/2" Experts 


According to Bill Gates “Ed lacobucci was a key architect. . . 


0$/2 Programmer's Guide 


by Ed lacobucci, 
Leader of the IBM* 05/2 Design Team 


Foreword by Bill Gates 


Here are the techniques and insights оп 05/2 version 
1.0 that serious programmers need. Learn how and 
why the system works. lacobucci discusses 
ө NE linking and the system АР! 
е Memory management in a protected 
environment 
* 05/2 multi-tasking 
* Advanced inter-process communications 
facilities 
е The system 1/0 capabilities 
* Session management, user interface, 
utilities, and more. 


$24.95, ISBN: 0-07-881300-X, 650 pages 


Using 08/2" 


by Kris Jamsa, 
Author of the Bestseller 
DOS: The Complete Reference 


You'll pet up to speed on 05/2 with Jamsa's exper- 
tise. This quick-paced guide covers fundamental to 
advanced concepts, illustrated with numerous exam- 
ples and screen displays. You'll find details on 


е Redirection of 1/0 

e System configuration 

е Multi-tasking 

• Similarities between DOS and 05/2 

* А complete command reference with syntax 
charts that are unavailable elsewhere 

* Tips for system configuration with 
analyses of configuration file entries 


$19.95, /5ВМ: 0-07-881306-9, 500 pages 


Available at Fine Book Stores and Computer Stores Everywhere 
Or Call Our Toll-Free Number 800-227-0900 (Outside California) 800-772-2531 (Inside California) 


(Use Your Visa or MasterCard) 
Avulabie in Canada through McGraw-Hill Ryerson, Lid Phona 418-293-191! 


УД Osbome McGraw-Hill 
da 2600 Tenth Street 
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Dynamic Linking in OS/2 


Dynlinks make OS/2 programs 
smaller, more efficient, and easier to 
upgrade—here's how they work 


ost operating systems let you create programs 
piecemeal. You can compile one piece at a time 
and have it refer to the other pieces as externals. 
А linker combines these pieces into one final 
executable image, fixing up the external refer- 
ences (i.e., references between one piece and another) that 
those pieces contain. 

The primary advantage of linking to external code is that you 
can use it to refer to a standard set of subroutines—a subroutine 
library—without compiling or even possessing the source code 
for those subroutines. Nearly all high-level language packages 
come with one or more standard run-time libraries that contain 
various useful subroutines that the compiler can call implicitly 
and that the programmer can call explicitly. 

In this process, called static linking, the static code (i.e., the 
external subroutine) is built into the final executable module. 
Naturally, this makes the executable file larger, but more im- 
portant! y, the target code can't be changed or upgraded without 
relinking to the main program's object files, Because the per- 
sonal computer field 1s built on commercial software whose au- 
thors don't release source or object files, this relinking is out of 
the question for the typical end user. 

Finally, the target code can't be shared in memory among 
several different applications that use the same library routines, 
for two reasons. First, the target code was relocated differently 
by the linker for each client; so although the code remains logi- 
cally the same for each application, the address components of 
the binary instructions are different in each executable file. Sec- 
ond, the operating systern has no way of knowing that these ap- 
plications are using the same library, and it has no way of know- 
ing where that library 15 in each executable file. Therefore, it 
can't avoid having duplicate copies of the library in memory. 

To do away with these problems, OS/2 uses dynamic linking, 
in which a program's external references to subroutines are re- 
solved either when the program is loaded, or later at run time, 
as the subroutines are needed by the program. Subroutines are 
kept in special dynlink libraries, application programs can share 
subroutines, and programmers can make changes to frequently 
used procedures (such as user-interface routines) without 
changing the applications that use them. 


Load-Time Dynlinks 

On the surface, the process of load-time dynamic linking looks 
the same as that of static linking. The programmer makes an 
external reference to a subroutine, and at link time specifies a 
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library file (or an object file) that defines the reference. The 
linker produces an executable file that OS/2 then loads and exe- 
cutes. Behind the scenes, however, things are very different. 

In static linking, the linker finds the actual externally refer- 
enced subroutine in the library file. In dynamic linking, the 
linker finds a special record that defines a module пате string 
and an entry-point name string. For example, in a hypothetical 
routine called Foo, the library file contains only these two name 
strings, not the code for Foo itself. (The entry-point name string 
doesn't have to be the name by which programs called the rou- 
tine.) The resultant executable file doesn't contain the code for 
Foo; it contains a special dynlink record that specifies these 
module and entry-point names for Foo. 

When this executable file is run, OS/2 loads the code in the 
.EXE file into memory and discovers the dynlink record(s). For 
each dynlink module that is named, OS/2 locates the code in the 
system's dynlink library directory and loads it into memory 
(unless the module is already in use; more about this later). The 
system then links the external references in the application to the 
addresses of the called entry points (see figure 1). 

Although this is just postponing the linkage until load time, 
the technique has several important ramifications. First, the tar- 
get code is not in the executable file but in a separate dynlink 
library (. DLL) file. Thus, the executable file is smaller because 
it contains only the name of the target code, not the code itself. 
You can change or upgrade the target code at any time simply by 
replacing this .DLL file. The next time a referencing application 
is loaded (with some restrictions, as I'll discuss later), it is 
linked to the new version of the target code. Having the target 
code in a dynlink file paves the way for automatic code sharing. 
OS/2 can easily understand that two applications are using the 
same dynlink code because it loaded and linked that code, and it 
can use this knowledge to share the pure segments of that dyn- 
link package rather than loading duplicate copies. 

Although you need to understand dynamic linking to create a 
dynlink module, you can use one without even knowing that it’s 
not an ordinary static link. Dynamically linked programs some- 
times take longer to load into memory than do statically linked 
programs. The performance ramifications depend on the kind 
of dynlink module that is referenced and whether this executable 
file is the first to reference the module. 

Although I have concentrated on processes that call dynlink 
routines, these routines can also be called hy other dynlink rou- 
tines. When OS/2 loads a routine in response to a process's re- 
quest, it examines it to see if it has any dynlink references of its 
own. Any such referenced dynlink routines are also loaded until 
no unsatisfied dynlink references remain. 


Run-Time Dynamic Linking 

Not all dynlink names need to appear in the executable file at 

load time; a process can link itself to a dynlink package at run 
continued 
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time as well. Run-time dynamic linking works exactly like load- 
time dynamic linking, except that the process creates the dyn- 
link module and entry-point names at run time and then passes 
them to OS/2 so that OS/2 can locate and load the specified dyn- 
link code. 

Run-time linking takes place in four steps: 


1. The process issues a DosLoadModule call to tell OS/2 to lo- 
cate and load the dynlink code into memory. 

2. The DosGetProcAddr call is used to obtain the addresses of 
the routines that the process wants to cail. 

3. The process calls the dynlink library entry points by an indi- 
rect call through the address returned by DosGetProcAddr. 

4. When the process has no further use for the dynlink code, it 
can call DosFreeModule to release the dynlink code. After this 
call, the process will still have the addresses returned by 
DosGetProcAddr, but they will be illegal addresses; referencing 
them wi]l cause a GP (general protection) fault. 


Run-time dynlinks are useful when a program knows it will 
want to call some dynlink routines but doesn't know which 


.EXE 


Call 


dipack: Foo 


Figure 1: Jn load-time dynamic linking, the executable file 
contains an entry thai tells OS/2 where to find the dynlink 
module, Foo. When OS/2 loads the executable file into 
memory, it also loads Foo and fixes ail references to Foo from 
the executable file. 


Code segment(s) 


Global 
data 
segment(s) 


Instance 
data 
segment(s) 


Figure 2: A dynlink routine can have three kinds of 

segments. Each process using the dynlink module will get its 
own copy of the instance data segments while sharing the 
same copy of the global data segments with the other processes 
attached to the dynlink module. OS/2 performs an 
optimization so that code segments are shared transparently 
among ай processes. 
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ones. For example, a charting program may support four plot- 
ters, and it might want to use dynlink plotter-driver packages. It 
doesn't make sense for the application to contain load-time dyn- 
links to all four plotters, because only one will be used and the 
others will take up memory and swap space. Instead, the chart- 
ing program can wait until it learns which plotter is installed and 
then use the run-time dynlink facility to load the appropriate 
package. The application can even wait until the user issues a 
plot command before it calls DosLoadModule, thereby reducing 
memory demands on the system. 

The application need not even be able to enumerate all the 
modules or entry points that may be called. The applicatton can 
learn the names of the dynlink modules from another process or 
by looking in a configuration file. This allows the user of the 
charting program, for example, to install additional plotter 
drivers that didn't even exist at the time the application was writ- 
ten. Of course, in this example the calling sequences of the dyn- 
link plotter driver must be standardized, or you must devise a 
way for the application to figure out the proper way to call these 
newly found routines. 

Naturally, a process is not limited to one run-time dynlink 
module; you can use multiple calls to DosLoadModule to link to 
several dynlink modules simultaneously. Regardless of the 
number of modules in use, you should use DosFreeModule if 
the dyniink module is no longer needed and the process intends 
to continue executing. But issuing DosFreeModule is unneces- 
sary if the process is about to terminate; 95/2 releases all dyn- 
link modules at process-termination time. 


Dynlinks, Processes, and Threads 
Simply put, OS/2 views dynlinks as a fancy subroutine package. 
Dynlinks aren't processes, and they don't own any resources. A 
dynlink executes only because a thread belonging to a client pro- 
cess has called the dynlink code. The dynlink code is executing 
as the client thread and process because, in the eyes of the sys- 
tem, the dynlink is merely a subroutine that the process has 
called. Before the client process can call a dynlink package, 
OS/2 ensures that the dynlink's segments are in the client's ad- 
dress space. Mo ring transition or context-switching overhead 
occurs when a client calls a dynlink routine; the far call to a 
dynlink entry point is just that—an ordinary far call to a subrou- 
tine in the process's address space. | 

One side effect is that dynlink calls are very fast; little CPU 
time is spent getting to the dynlink package. Another side effect 
is that there is no separation between a client's segments and a 
dynlink package's segments, because segments belong to pro- 
cesses and only one process is running both the client and the 
dynlink code. 


Handling Dynlink Data 
You might have noticed something missing in this discussion of 
dynamic linking: I've said nothing about how to handle a dyn- 
link routine's data. OS/2 supports two types of data segments 
for dynlink routines—instance and global (see figure 2). In- 
stance data segments hold data specific to each instance of the 
dynlink routine. In other words, a dynlink routine has a separate 
set of instance data segments for each process using the routine. 
The dynlink code has no difficulty addressing its data; the code 
can reference the data segment selectors as immediate values. 
А global data segment, as the name implies, is not duplicated 
for each client process. There is only one copy of each dynlink 
module's global data segment; each client process is given 
shared access to that segment. The segment is loaded only 
once—when the dynlink package is first brought into memory to 
be linked with its first client process. Global data segments 
allow a dynlink routine to be explicitly aware of its multiple cli- 
ents, because changes to a global segment made by calls from 
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one client process are visible to the dynlink code when called 
from another client process. Global data segments support sub- 
systems, which I'll discuss later. 

Because a dynlink routine's data requirements are not known 
at link time, the technique of fixing up the references that the 
client code makes to the dynlink routine's data is more compli- 
cated than that for statically linked routines. In statically linked 
subroutines, when the linker binds the external code with the 
main code, it sees how much static data the external code needs 
and allocates the necessary space in the proper data segments. 
References that the external code makes to its data are then fixed 
up to point to the proper location. Because the linker is combin- 
ing all the object files into an executable file, it can easily divide 
the static data segments among the various compilands. 

This technique doesn't work for dynlink routines, because 
their code (and therefore their data requirements) aren't present 
at link time. It's possible to extend the special .OBJ file to de- 
scribe the amount of static data that the dynlink package will 
need, but it won't work. (And even if it did work, it would be a 
poor design because it would restrict our ability to upgrade the 
dynlink code in the field.) Because the main code in each appli- 
cation uses different amounts of static data, the data area re- 
served for the dynlink package would end up at a different offset 
in each executable file that was built. When these .EXE files 
were executed, one set of shared dynlink code segments would 
need to reference the data that resides at different addresses for 
each different client. Relocating the static references in all dyn- 
link code modules at each occurrence of a context switch is 
clearly out of the question. 

An alternative to letting dynlink routines have their own static 
data is to require that their callers allocate the necessary data 
areas and pass pointers to them upon every call. We easily re- 
jected this scheme: It's cumbersome; call statements must be 
written differently if they're for a dynlink routine; and, finally, 
this hack wouldn't support subsystems, which ГІ discuss later. 

Instead, OS/2 takes advantage of the segmented architecture 
of the 80286 to solve the static addressability problem. Each 
dynlink routine can use one or more data segments to hold its 
static data. Each client process has a separate set of these seg- 
ments. Because these segments hold only the dynlink routine's 
data and none of the calling process's data, the offsets of the data 
items within that segment will be the same no matter which cli- 
ent process is calling the dynlink code. All you need to do to 
solve the static-data addressability problem is ensure that the 
segment selectors of the dynlink routine's static data segments 
are the same for each client process. 

OS/2 does this by means of a technique called the disjoint 
LDT space. I won't attempt a general introduction to the seg- 
mented architecture of the 80286, but a brief summary is in 
order. Each process in 80286 protected mode can have a maxi- 
mum of 16,383 segments. These segments are described in two 
tables: the LDT (local descriptor table) and the GDT (global 
descriptor table). An application can't read from or write to 
these tables. OS/2 manages them, and the 80286 microproces- 
sor uses their contents when a process loads selectors into its 
segment registers. 

In practice, the GDT is not used for application segments, 
which leaves the LDT 8192 segments—or, more precisely, 
8192 segment selectors, which OS/2 can set up to point to mem- 
ory segments. The 80286 does not support efficient position- 
independent code, so 80286 programs contain within them, as 
part of the instruction stream, the particular segment selector 
needed to access a particular memory location, as well as an 
offset within that segment. This applies to both code and data 
references. 

When OS/2 loads a program into memory, the executable file 
describes the number, type, and size of the program's seg- 


ments. OS/2 creates these segments and allocates a selector for 
each from the 8192 possible LDT selectors. There isn't any con- 
flict with other processes in the system at this point, because 
each process has its own LDT and its own private set of 8192 
LDT selectors. After OS/2 chooses a selector for each segment, 
both code and data, it uses a table of addresses provided in the 
executable file to relocate each segment reference in the pro- 
gram, changing the place-holder value put there by the linker 
into the proper segment-selector value. 08/2 never combines or 
splits segments, so it never has to relocate the offset part of ad- 
dresses—only thc segment parts. Address offsets are more com- 
mon than segment references. Because the segment references 
are relatively few, this relocation process is not very time- 
consuming. 

If OS/2 discovers that the process it is loading references a 
dynlink routine, the situation is more complex. For example, 
suppose the process isn't the first caller of Foo; Foo is already in 
memory and already relocated to some particular LDT slots in 
the LDT of the earlier client of Foo. OS/2 has to fill in those 
same slots in the new process's LDT with pointers to Foo; it 
can't assign different LDT slots because Foo's code and data 
have already been relocated to the earlier process's slots. If the 
new process is already using Foo's slot numbers for something 
else, then you're in trouble. This is a problem with all Foo's 
segments, both data segments and code segments. 

This is where the disjoint LDT space comes in. OS/2 reserves 
many of each process's LDT slots for the disjoint space. The 
same slot numbers are reserved in every process's LDT. When 
08/2 allocates an LDT selector for a memory segment that may 
be shared between processes, it allocates an entry from the dis- 
joint LDT space. After a selector is allocated, that same slot is 
reserved in all other LDTs in the system. The slot either remains 
empty (1.e., invalid) or points to this shared segment; it can have 
no other use. This guarantees that a process that has been run- 
ning for hours and that has created dozens of segments can still 
call DosLoadModule to get access to a dynlink routine; OS/2 
will find that the proper slots in this process's LDT are ready 
and waiting. 

The disjoint LDT space is used for all shared memory ob- 
jects, not just dynlink routines. Shared memory data segments 
are also allocated from the disjoint LDT space. A process's 
code segments are not allocated in the disjoint LDT space, yet 
they can still be shared. [Editor's note: For more discussion of 
the disjoint LDT space, see “OS/2 Virtual Memory Manage- 
ment” by Vic Heller on page 227. | 


Uses of Dynamic Linking 

Dynlink libraries can serve as simple subroutine libraries or as 
subsystems. They can form the interface to other processes, the 
interface to OS/2 itself, and even the interface to a device 
without the device driver's overhead. 

As I discussed earlier, a dynlink subroutine is written and ex- 
ecutes in much the same way as a statically linked subroutine. 
The only difference is in the preparation of the dynlink library 
file, which contains the actual subroutines, and in the prepara- 
tion of the special obiect file, to which client programs can link. 
During execution, both the dynlink routines and the client rou- 
tines can use their own static data freely, and they can pass 
pointers to their data areas back and forth to each other. The 
only difference between static linking and dynamic linking in 
this model is that the dynlink routine cannot reference any exter- 
nal symbols that the client code defines, nor can the client exter- 
nally reference any dynlink package symbols other than the 
module entry points. The execution environment is nearly iden- 
tical to that of a traditional statically linked subroutine; the client 
and the subroutine each reference their own static data areas, all 

continued 
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of which are contained in the process's address space. Note that 
а dynlink package can reference the application's data and the 
application can reference the dynlink package's data, but only if 
they pass pointers to their data to one another. 

The term dynlink subsystems is merely a descriptive term that 
refers to the design and intended function of a particular style of 
dynlink package. А dynlink subsystem is a module that provides 
a set of services built around a resource. For example, OS/2's 
video ГО (VIO) dynlink entry points are considered a dynlink 
subsystem because they provide a set of services to manage the 
display screen. А subsystern usually has to manage a limited re- 
source for an effectively unlimited number of clients. VIO does 
this, managing a single physical display controller and a small 
number of screen groups for an indefinite number of clients. 

Because subsystems generally manage a limited resource, 
they have one or more global data segments that they use to keep 
information about the state of the resource they're controlling; 
they also have buffers, flags, semaphores, and so on. Per-client 
work areas are generally kept in instance data segments; it’s best 
to reserve the global data segments for global information. Fig- 
ure 3 illustrates a dynlink routine being used as a subsystem. А 
dynlink subsystem differs from a dynlink being used as a sub- 
routine only by the addition of a static data segment. 


Special Subsystem Support 

Two 08/2 features are particularly valuable to subsysterns: 
global data segrnents (which I've already discussed) and special 
client-initialization and client-termination support. Clearly, if a 
subsystem is going to manage a resource, keeping track of its 
clients in a global data segment, it needs to know when new cli- 
ents arrive and when oid clients terminate. The simple dynlink 
subroutine model doesn't provide this information reliably. A 
subsystem undoubtedly has initialize and terminate entry 
points, but client programs may terminate without having called 
a subsystem’s terminate entry point. Such a failure may be an 
error on the part of the client, but the system architecture de- 
crees that errors should be localized; it's not acceptable for a 
bug in a client process to be able to hang up a subsystem, and 
thus all its clients as well. 

The two forms of subsystem initialization are global and 
instance. ЇЇ a subsystem specifies global initialization, the ini- 
tialization entry point is called only once per activation of the 
subsystem. When the subsystem dynlink package is first refer- 
enced, OS/2 allocates the subsystem's global data segments, 
taking their initial values from the .DLL file. 05/2 then calls 
the subsystern's global initialization entry point so that the mod- 
ule can do its one-time initialization. The thread that is used to 


call the initialization entry point belongs to that first client pro- 
cess, so the first client's instance data segments are also set up 
and can be used by the global initialization process. This means 
that although the dynlink subsystem is free to open files, read 
and write their contents, and close them again, it cannot open a 
handle to a file, store the handle number in a global data seg- 
ment, and expect to use that handle in the future. 

Remember, subsystems don't own resources; processes own 
resources. When a dynlink package opens a file, that file is open 
only for that one client process. That handle has meaning only 
when that particular client is calling the subsystem code. If a 
dynlink package were to store process A’s handle number in a 
global data segment and then attempt to do a read from that han- 
dle when running as process B, at best the read would fail with 
invalid handle; at worst some unrelated file of B's would be 
molested. And, of course, when client process À eventually ter- 
minates, the handle becomes invalid for all clients. 

The second form of initialization is instance initialization. 
The instance initialization entry point is called in the same way 
as the global initialization entry point, except that it is called for 
every new client when that client first attaches to the dynlink 
package. Апу instance data segments that exist will already be 
allocated and will have been given their initial values from the 
.DLL file. The initialization entry point for a load-time dynlink 
is called before the client's code begins executing. The initial- 
ization entry point for a run-time dynlink is called when the cli- 
ent calls the DosLoadModule function. À dynlink package can- 
not specify both global and instance initialization; if it desires 
both, it should specify instance initialization and use a counter 
in one of its global data segrnents to detect the first instance 
initialization. 

Even morc important than initialization control is termination 
control. In its global data area, a subsystem may have records, 
buffers, or semaphores on behalf of a client process. It may have 
queued-up requests from that client that it needs to purge when 
the client terminates. The dynlink package need not release in- 
stance data segments; because these belong to the client pro- 
cess, they are destroyed when the client terminates. The global 
data segments themselves are released if this is the dynlink mod- 
ule's last client, so the module might want to take this [ast 
chance to update a log file, release a system semaphore, and 
$0 ОП. 

Using the DosExitList service allows а process to specify 
one or more subroutine addresses that will be called when the 
process terminates. Addresses can be added or removed from 
the list. There can be many such addresses, which are called 
under all termination conditions. Both the client process and the 
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Figure 3: A dynlink routine used as a subsystem. The main difference between a dynlink subsystem and a subroutine is the 
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subsystem dynlinks that it calls can have their own termination 
routines, 


Interfaces to Other Processes 

Earlier, I mentioned that dynlink subsystems have difficulty 
dealing with resources—other than global memory—because 
resource ownership and access are on a per-process basis. Life 
as а dynlink subsystem can be schizophrenic. Which files are 
open, which semaphores are owned, and so on, depends on 
which client is running your code at the moment. Global mem- 
ory is different; it's the one resource that all clients own jointly. 
The global memory remains as long as the client count doesn't 
go to zero. 

One way to deal with resource issues is for a dynlink package 
to act as a front end for a server process. During module initial- 
ization, the dynlink module can check a system semaphore to 
see whether the server process is already running and, if not, 
start it up. И needs to do this with the detach form of DosExec- 
Рап so that the server process doesn't appear to the system as а 
child of the subsystem's first client. Such a mistake could mean 
that the client's parent thinks that the command subtree it 
founded by running the client never terminates because the 
server process appears to be part of the command subtree. 

When the server process is running, the dynlink subsystem 
can forward some or all requests to it by one of the many inter- 
process communication (IPC) facilities. For example, a data- 
base subsystem might want to use a dedicated server process to 
hold open the database file and do reads and writes to it. It might 
keep buffers and ISAM (indexed sequential-access memory) di- 
rectories in a shared-memory segment to which the dynlink sub- 
systern requests access for each of its clients. Then requests that 
can be satisfied by data from these buffers won't require the IPC 
to the server process. | 

The only function of some dynlink packages is to act as a pro- 
cedural interface to another process. For example, a spreadsheet 
program might provide an interface through which other appli- 
cations can retrieve data values from a spreadsheet. The best 
way to do this is for the spreadsheet package to contain a dynlink 
library that provides clients with a procedural interface to the 
spreadsheet process. The library routine itself will invoke a 
noninteractive copy (perhaps a special subset .EXE) of the 
spreadsheet to recover the information, passing it back to the 
client via IPC, Alternatively, the retrieval code that understands 
the spreadsheet data formats could be in the dynlink package 
itself because that package ships with the spreadsheet and will 
be upgraded when the spreadsheet is updated. In this case, the 
spreadsheet itself could use the package instead of duplicating 
the functionality in its own executable file. In any case, the 
implementation details are hidden from the client process; the 
client process simply makes a procedure call that returns the 
desired data. 

Viewed from the highest level, this arrangement is simple: A 
client process uses IPC to get service from a server process via a 
subroutine library, From the programmer's point of view, 
though, the entire mechanism is encapsulated in the dynlink 
subsystem's interface. А future upgrade to the dynlink package 
may use an improved server process and different forms of IPC 
to talk to it but retain full binary compatibility with the existing 
client base. 


Interface to OS/2 Itself 

АП OS/2 interface calls are dynlink calls. We implemented 
some OS/2 calls as simple library routines. For example, in 
OS/2 version 1,0, DosErrClass takes an error code and lo- 
cates, in a table, an explanatory text string, an error classifica- 
tion, and a recommended action. Services such as these have 
traditionally been part of the kernel of operating systems, not 


іп О5/2, system calls are 
indistinguishable from ordinary аутіпк 
calls. This gives us the freedom to, in 
future releases, move functions 
between dynlink and call-gate entries. 


because they need to use privileged instructions, but because 
their error tables must be changed each time an upgrade to the 
operating system is released. If the service is provided as a stati- 
cally linked subroutine, older applications running on newer re- 
leases will receive new error codes that will not be in the library 
code's tables. 

Although OS/2 implements DosErrClass as a library rou- 
tine, it's a dynlink library routine, and the .DLL file is bundled 
with the operating system itself. Any later release of the system 
will contain an upgraded version of the DosErrClass routine, 
one that knows about new error codes. Consequently, the dyn- 
link facility provides OS/2 with a great deal of flexibility in 
packaging its functions. 

Some functions, such as "open file" or "allocate memory," 
can't be implemented as ordinary subroutines. They need ac- 
cess to key internal data structures, and these structures are, of 
course, protected so they can't be changed by unprivileged 
code. То pet these services, the processor must make a system 
call, entering the kernel code in a very controlled fashion and 
there running with sufficient privilege to do its work. This privi- 
lege transition is via a call gate—a feature of the 80286/80386 
hardware. А program calls a call gate exactly as it performs an 
ordinary far call; special flags in the GDT and LDT tell the pro- 
cessor that this is a call gate rather than a regular call. 

In OS/2, system calls are indistinguishable from ordinary 
dynlink calls. All OS/2 system calls are defined in a dynlink 
module called DosCalls. When OS/2 fixes up dynlink refer- 
ences to this module, it consults a special table, built into OS/2, 
of resident functions. If the function is not listed in this table, 
then an ordinary dynlink is set up. If the function is in the table, 
OS/2 sets up a call-gate call in place of the ordinary dynlink 
call. The transparency between library and call-gate functions 
explains why passing an invalid address to ап QS/2 system call 
causes the calling process to trigger a GP fault. Because the 
OS/2 kernel code controls and manages the GP fault mecha- 
nism, OS/2 calls that are call gates could easily return an error 
code if an invalid address causes the fault. If this were done, 
however, the behavior of OS/2 calls would differ depending on 
their implementation: Invalid addresses for dynlink entry points 
would cause a GP fault; call-gate entries would return an error 
code. OS/2 prevents this dichotomy and preserves its freedom 
to, in future releases, move functions between dynlink and call- 
gate entries. Because non-call-gate dynlink routines must gen- 
erate GP faults, call-gate routines produce them as well. 


Device Drivers 

Dynlinks do much more than act as system calls. They provide 
an interface that is as device-independent as a device driver, but 
without the overhead. Using dynlinks, applications can make 
high-speed calls to a subroutine package that can directly ma- 
nipulate the device. The call itself is fast, and the package can 
specify an arbitrarily wide set of parameters. No privilege or 
ring transition is needed, and the dynlink package can directly 
access its client's data areas. Finally, the dynlink package can 
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use subsystem support features to virtualize the device or to ref- 
eree its use among multiple clients. Device independence is 
provided because a new version of the dynlink interface can be 
installed whenever new hardware is installed. VIO and the Pre- 
sentation Manager are examples of this kind of dynlink use. 
Dynlink packages have an important drawback when they are 
being used as device-driver replacements: They cannot receive 
hardware interrupts. Some devices, such as video displays, do 
not generate interrupts. Interrupt-driven devices, though, re- 
quire a true device driver. That driver can contain all the device 
interface function, or the work can be split between a device 
driver and a dynlink package that acts as a front end for that 
device driver. 

Dynlink routines can also act as nonkernel service pack- 
ages—as an open system architecture for software. Most operat- 
ing systems are like the early versions of the Apple Macintosh 
computer: They are closed systems; only their creators can add 
features to them. Because of OS/2's open system architecture, 
third parties and end users can add system services simply by 
plugging in dynlink modules, just as hardware cards plug into an 
open hardware system. The analogy extends further: Some 
hardware cards like the Hayes modem and the Hercules Graph- 
ics Card becorne so popular that their interface defines a stan- 
dard. Third-party dynlink packages will, over time, establish 
similar standards. Vendors will offer, for example, improved 
database dynlink routines that are advertised as plug-compat- 
ible with the standard database dynlink interface, but better, 
cheaper, and faster. 

Dynlinks allow third parties to add interfaces to OS/2; they 
also allow QS/2's developers to add future interfaces. The dyn- 
link interface model allows additional functionality to be imple- 
mented as subroutines or processes, or even to bc distributed 
across a network environment. 


Special Considerations 
Although dynlink routines often act very much like traditional 
static subroutines, a programmer must be aware of some special 
considerations. I have discussed how a dynlink package runs as 
a subroutine of the client process and that the client process has 
access to the dynlink package's instance and global data seg- 
ments. This use of the dynlink interface is efficient and thus ad- 
vantageous, but it's also disadvantageous because aberrant cli- 
ent processes can damage the dynlink package's global data 
segments. The measures а programmer takes to deal with the 
security issue depend on the nature and sensitivity of the dyn- 
link package. Dynlink packages that don't have global data seg- 
ments are at no risk; an aberrant program can damage its in- 
stance data segments and thereby fail to run correctly, but that's 
the expected outcome of a program bug. À dynlink package with 
global data segments can minimize the risk by never giving its 
callers pointers into the dynlink package's global data segment. 
If the amount of global data is small and merely detecting 
damage is sufficient, the global data segments could be 
checksummed. 

If accidental damage to the global data segments would be 
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grave, a dynlink package can work in conjunction with another 
dynlink package acting as a server. The server process can pro- 
tect the sensitive data and provide it on a per-client basis to the 
dynlink package in response to an IPC request. Because the 
server process is a separate process, its segments are fully pro- 
tected from the client process as well as from all others. 


Dynlink Life, Death, and Sharing 

Throughout this discussion, I have referred to sharing pure seg- 
ments, which are segments that are never modified during their 
lifetime. The ability to share pure segments is an optimization 
that OS/2 makes for all memory segments whether they are dyn- 
link segments or an application's executable file segments. АП 
code segments (except for those created by DosCreateCSAlias) 
are pure; read-only data segments are also pure. When OS/2 
notices that 175 going to load two copies of the same pure seg- 
ment, it performs a behind-the-scenes optimization and gives 
the second client access to the earlier copy of the segment in- 
stead of wasting memory with a duplicate version. 

For example, if two copies of a program are run, all code seg- 
ments are pure; at most, only one copy of each code segment 
will be in memory. OS/2 flags these segments as internally 
shared and doesn't release them until the last user has finished 
with the segment. This is not the same as shared memory as it is 
generally defined in OS/2. Because pure segments can only be 
read, never written, no process can tell that pure segments are 
being shared or being affected by that sharing. Although threads 
from two or more processes may execute the same shared code 
segment at the same time, this is not the same as a multithreaded 
process. Each copy of a program has its own data areas, its own 
stack, its own file handles, and so on. They are totally indepen- 
dent of one another even if QS/2 is quietly sharing their pure 
code segments among them. 

Because the pure segments of a dynlink package are shared, 
the second and subsequent clients of a dynlink package can load 
much more quickly (because these pure segments don't have to 
be loaded from the .DLL disk file). This doesn't mean that 
OS/2 doesn't have to hit the disk at all: Many dynlink packages 
use instance data segments, and 08/2 loads a fresh copy of the 
initial values for these segments from the .DLL file. 

When the last client process of a dynlink obiect dies or other- 
wise releases the object, OS/2 destroys the object and frees up 
the memory. This mechanism has the potential to cause a prob- 
lem only in the management of the dynlink package's global 
data segment. For example, when the first client (since boot-up) 
of а dynlink package references it, OS/2 loads the package's 
code and data segments. Then OS/2 calls the package's initial- 
ization routine—if the package has one. QS/2 records in ап in- 
ternal data structure that this dynlink package has one client. If 
additional clients come along while the first is still using the 
dynlink package, OS/2 increments the package's user count ap- 
propriately. Each time a client disconnects or dies, the user 
count is decremented. 

As long as the user count remains nonzero, the package re- 
mains in existence, with each client sharing the original global 
data segments. When the client count goes to zero, OS/2 dis- 
cards the dynlink package's code and global data segments and 
in effect forgets all about the package. When another client 
comes along, OS/2 reloads the package and reloads tts global 
data segment as if the earlier use had never occurred. 

If discarding the global data segment is a problem for a dyn- 
link package, an associated dummy process (which the dynlink 
package could start during its load-time initialization) can refer- 
ence the dynlink package. As long as this process stays alive, the 
dynlink package and its global data segments stay alive. 

An alternative is for the dynlink package to keep track of the 
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count of its clients and save the contents of its global data seg- 
ments to a disk file when the last client terminates, but this is 
tricky. Because a process may fail to call a dynlink package's 
“I'm finished" entry point (presumably part of the dynlink 
package's interface) before it terminates, the dynlink package 
must get control to write its segment via DosExitList. If the 
client process is connected to the dynlink package via DosLoad- 
Module (i.e., via run-time dynamic linking), it cannot discon- 
nect from the package via DosFreeModule as long as a Dos- 
ExitList address points into the dynlink package. An attempt 
to do so returns an error code. Typically, you might expect the 
application to ignore this error code, but because the dynlink 
package is still attached to the client process, it will receive Dos- 
Exitlist service when the client eventually terminates. It's im- 
portant that dynlink packages that maintain client-state informa- 
tion and therefore need DosExitList also offer an "I'm 
finished" function. When a client calls this function, the pack- 
age should close it out and then remove its processing address 
from DesExitList so that DosFreeModule can take effect if the 
client wishes. 

Note that OS/2's habit of sharing in-use dynlink libraries has 
implications for the replacement of dynlink packages. Specifi- 
cally, OS/2 holds the .DLL file open for as long as that library 
has any clients. To replace a dynlink library with an upgraded 
version, you must first ensure that all clients of the old package 
have terminated. 

Dynlink segments, like executable file segments, can be 
marked (by the linker) as preload or load on demand, When a 
dynlink module or an executable file is loaded, OS/2 immedi- 
ately loads all segments marked preload but usually does not 
load any segments marked load on demand. These segments are 
loaded only 1f and when they are referenced. (Segments that are 
loaded from removable media will be fully loaded, regardless of 
the load-on-demand hit.) This mechanism speeds process and 
library loading and reduces swapping by leaving infrequently 
used segments out of memory until they are needed. Once a seg- 
ment 15 loaded, its preload or load-on-demand status has no fur- 
ther bearing; the segment will be swapped or discarded without 
consideration for these bits. 

Finally, special OS/2 code keeps track of dynlink circular 
references. Because dynlink packages can call other dynlink 
packages, package А can call package B, and package B can call 
package А. Even if the client process C terminates, packages А 
and B might appear to be in use by each other, and they would 
both stay in memory. OS/2 keeps a graph of dynlink clients— 
both processes and other dynlink packages. When a process can 
no longer reach a dynlink package over this graph, the dynlink 
package is released. 


Avoiding Side Effects 

A well-written dynlink library should have no side effects. It 
should export to the client process only its functional interface 
and not accidentally export side effects that might interfere with 
the consistent execution of the client. 

Some possible side effects are obvious: А dynlink routine 
shouldn't close any file handles that it didn't open itself. The 
same applies to other system resources that the client process 
may be accessing, and it applies in the inverse as well: A dynlink 
routine that obtains resources for itself, in the guise of the client 
process, should do so in a way that doesn't affect the client code. 

For example, consuming many of the available file handles 
would be a side effect because the client would then be unex- 
pectedly short of available file handles. A dynlink package with 
a healthy file-handle appetite should be sure to call OS/2 to raise 
the maximum number of file handles so that the client process 
isn't constrained. Finally, a dynlink package must not exhaust 
the available stack space. А dynlink routine should minimize its 
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stack needs, and an upgrade to an existing dynlink package must 
not consume much more stack space than did the earlier ver- 
sion, lest the upgrade cause existing clients to fail in the field. 

Dynlink routines can also cause side effects by issuing system 
calls that affect the client process. For example, each signal 
event can have only one handler address; if a dynlink routine 
establishes a signal handler, then that signal handler preempts 
any handler set up by the client application. Likewise, if a dyn- 
link routine changes the priority of the thread with which it was 
called, the dyniink routine must be sure to restore that priority 
before it returns to its caller. Several other system functions 
such as DosError and DosSetVerify also cause side effects 
that can affect the client process. 

Enumerating all forms of side effects is not possible; it's up to 
the programmer to take the care needed to ensure that a dynlink 
module is properly house-trained. 


Naming Dynlinks 

Each dynlink entry point has three names associated with it: an 
external name, a module name, and an entry-point name. The 
name the client program calls as an external reference is the ex- 
ternal name. The programmer works with this name, and its 
syntax and form must be compatible with the assembler or com- 
piler being used. The name should be simple and explanatory 
yet unlikely to collide with another external name in the client 
code or in another library. A name such as READ or RESET is 
a poor choice because of the collision possibilities; a name such 
as XR23P11 is obviously hard to work with. 

The linker replaces the external name with a module name 
and an entry-point name, which are embedded in the resultant 
executable file. OS/2 uses the module name to locate the dyn- 
link .DLL file; the code for module nodname is in file MOD- 
NAME.DLL. The entry-point name specifies the entry point in 
the module; the entry-point name need not be the same as the 
external name. For modules with a lot of entry points, the client 
executable file size can be minimized and the loading speed 
maximized by using entry ordinals in place of entry-point 
names. Run-time dynlinks are established by using the module 
name and the entry-point name; the external name 15 not used. 


Flexibility, Efficiency, Consistency 

Dynamic linking provides not only a uniform interface to OS/2 
that is consistent across system calls and most device interfaces, 
but it also builds in enough flexibility to allow OS/2 to adapt to 
developments in technology through the use of nonkernel ser- 
vice packages. 

Dynamic linking allows you to keep the target code separate 
from the executable code, which lets you change or upgrade the 
code simply by replacing the dynlink code. Because the system 
links in the dynlink routines itself, it knows it can save more 
space by sharing segments where possible, thus avoiding dupli- 
cate copies of code in memory. With run-time dynamic linking, 
a process can use OS/2 system calls to determine which dynlink 
modules it wants to run and then load them. Being able to deter- 
mine the necessary modules at run time can save space by allow- 
ing a process to load only what it needs. 

Finally, dynlink routines can serve as a subsystem, a set of 
services built around a resource such as VIO. Dynlinks can also 
form the interface between processes, which can add a level of 
control and protection to the processes involved. Devices that do 
not need to intercept interrupts can be controlled with dynlinks. 
And finally, dynlinks form the interface to the О5/2 kernel 
itself, thus providing a truly consistent interface for the 
programmer. i 


Gordon Letwin is chief architect of systems software at Micro- 
soft Corp., Redmond, Washington. 
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Education Center 
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With your first module, you 
get easy-to-follow text and 
Interactive audio instruc- 

юп. Plus you build 
this solderless bread- 
boarding system, 

м which you'll use 
throughout the 
Series to construct 
electronic circuits 

and bring con 

cepts to life, 


= 
theory, LCR networks" 


or supervisor . . . a doctor, an engineer, а 
chemist, or anyone who finds electronics 
anin y important role in 
their work. It's even for electronics 
neers, technicians and scientists who K 
their training needs freshening up. It's the 
quickest, most convenient, and probably the 
least expensive uei to do it. And the only 
one that gives you hands-on experience. 


15 day no-risk trial 

We invite you to prove to yourself 
that the Contemporary Electronics Series 
is all we say itis. . without risk and 
without committing yourself in any way. 
Return the reply card and we'll send you 
the first module for a free, 15-day examina- 
tion. If you're not absolutely certain that 
this is an enjoyable as well as highly effec- 
tive way to learn, simply return 
the module to us. 

[f you want to continue, 
we'll ship the remaining modules 
automatically, about once a 
month, for only $19.95 plus $2.25 
for shipping and handling. 


h 
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guide you into the fascinating 
world of Contemporary Electron: 
ics. [f the card has been used, write 
us for ordering information. 
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ЧИ. Continuing Edueation Center 


- Wisconsin Avenue 
Washington, D.C. 20016 


Send card today for your 
first module! 


Harris/3M copiers 
come with a unique 
paper SUDDy di 


e 


% 
ч, 
> 1 
| 
[] 


m % 


3 


It's something no other copier 
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BA promise and our | City Stale 
valuable trade-in | 2ip___ Telephone 
| 


offer soon. You'll 
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Trade in now for up to $1000! that your next copier should be a 

company in the world can offer Give us a call or send in Harris/3M. We guarantee it. 

We call it the Harris/3M promise. this coupon and we'll tell you how р 
1 praece ДД seu alt Г Call 1-800-TLC-COPY 

Or send in this coupon Lo receive information 


on our Lrade-in offer plus two FREE booklets 
to help you evaluate your copier needs. 


Mail to Harris/3M Document Products, Ine., 
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| 


Get more than a copier. Get a commitment. 
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... With a 10 Day Trial Membership 


If you've thought about joining BIX 
before but weren't sure it was what you 
needed, now is the time to try it Because 
now for a limited time, we're inviting 
you to try BIX for 10 days. If at any 
time during this 10 day trial period you 
don't feel BIX has made you a more 
knowledgeable microcomputer user, 
we'll refund your entire registration 
fcc. You pay only for time spent on the 
system.* (See log-on instructions for 
bourly rates). 

Explore BIX in your home or office. 
Put its power to work for you and un- 
leash your ІШІ microcomputer potential 
— programming, designing, specifying, 
researching — and more. 

Try BIX for 10 full days and see what 
it can do for you. Explore more than 
160 conferences. Access vendor support. 
Speak to expert consultants. Research 
new products and systems, and down- 
load public domain software. 


Prepare yourself for success 


It takes a sharp mind and hard work 
to stay ahead, and having the right 
tools helps. 

Today, you can put опе of the most 
powerful instruments for career ad- 
vancement to work for you: BIX. 


9 Learn about new products before 
they hit the market. 

€ Get quality marketplace feedback on 
the products you're thinking of pur- 
chasing before you invest. 

9 Research problems and find the solu- 
tions that no one else has been able 
to render. 

® Access some of the most advanced 
public domain software available in 
the industry. 

9 Increase your working knowledge 
of micros to make more confident 
purchasing decisions and recommen- 
dations. 


Join BIX and arm yourself with 
the latest in microcomputer- 
related information 


BIX's exclusive Microbytes newswire 
gives you complete, daily, up-to-date 
computer industry information. You'll 
gain insight from BYTE editors and writ- 
ers who analyze new products and their 
potential impact, inform you of the 
latest mergers and acquisitions, and re- 
port late-breaking news from important 
seminars and conferences. 


Talk to colleagues worldwide 
You'll stay on top of your company's 


PICK bIX 


business with BIX's electronic mail 
service. 

"Talk" to your east coast, west coast 
— even European — contacts all in the 
same day. 

Or, simply communicate with other 
BIX users worldwide. Share information 
and ideas privately, or in conference. 


Choose any option for 
online access with a one time 
$39 membership fee 
€ Use MasterCard, VISA or American 
Express and begin your 10 day trial 
use of BIX right now. 
| € The 10 day trial also applies if you 


open an individual pre-paid account 
on BIX Trial commences once we 
open your account and notify you. 

® Other billing options including qual- 
ified corporate accounts are available. 
(Sorry, our 10 day trial is not available 
for these accounts. ) Call or write BIX 
for details. 


Use credit cards for immediate 
access or call the BIX Helpline for infor- 
mation on any other payment option at, 
1-800-227-2983 ( from US. and Canada) 
603-924-7681 (in New Hampshire 
and elsewhere). 

Act now! Our 10 day trial offer is 
subject to cancellation at any time. 


"To notify BEX thal you wish to discontinue service at any time during the trial period, call the BEX Helpline, and your entire membership fee will be refunded 
"* BIX can be accessed via Tymnet throughout the U.S. and Canada. For the Tymnet number nearest you, call the BIX Helpline or Tymnet ar 1-800-336-0149. 

Hf vour local Tymnet number 15 a toll сай you will receive additional charges from your local phone company at their prevailing rate. 
tt Continental 115. Tymnet rates. Rates from other arcas are available from BIX. 
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BIX is easy to join 
To log-on to BIX, simply: 

Set vour computer's telecommunications 
program for full-duplex, 8-bit characters, no 
parity, | stop bit OR 7-bit characters, even parity, 
| stop bit. Use 300 or 1200 baud. 

Call your Tymnet number ** and respond as follows: 


Tymnet Prompt You Enter 


Garble or request for 
"terminal identifier" а 


bix «CR» 
bix.038 «CR» 


login: 
BIX logo/name: 


T Callers outside the US. who have a communicat- 
ing computer or terminal and a packct switching 
account with their host country phone system 


can reach BIX һу entering 310690157800. To 
commence registration, enter the code listed at 
the BIX logo/namc: prompt. 

After vou register, you'll automatically be taken 
to the BIX Learn Conference, an online tutorial 
that will show you how to begin using the system 
immediately. Time spent in the Learn Conference 
is FREE. Complete system documentation will be 
sent to you within a few days. 

Access time will be billed at the following 
hourly rates.7 


Off-Peak Time$ll/hr. (59 BIX, $2 Tymnet)t? 
(^ PM —6 AM weekdays. all day weekends and bolidays) 
РеаК Тіпе $20/hr (512 ВІХ, $8 Tymnet) 
(б AM ~ 7 PM weekdays) 
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One Phoenix Mill Lane 
Peterborough, NH 03458 


ВҮ ГЕ% Subscriber Benefits 


Y BYTE subscription brings 
you a complete menu of the latest 
in microcomputer technology every 
30 days. The kind of broad-based 
objective coverage you read in 
every issue. I» addition, your 
subscription carries a wealth of 
other benefits. Check the check 
list: 


BONUSES 


(YÍ Annual Separate Issues: In 
addition to BYTE's 12 monthly 
issues, subscribers also receive 
our annual IBM PC issue free 
of charge, as well as any other 
annual issues BYTE may 
produce. 


(YÍ BYTE Deck: Subscribers 
receive five BYTE postcard 
deck mailings each year—a 
direct response system for you 
to obtain information on 
advertised products through 
return mail. 


vj Reader Service: For 
information on products adver- 
tised in BYTE, circle the 
numbers on the Reader Service 
card enclosed in each issue that 
correspond to the numbers for 
the advertisers you select. Drop 
the post-paid card in the mail 
and we'll get your inquiries to 
the advertisers. 


[v] TIPS: BYTE's Telephone 
Inquiry System is available to 
subscribers who need fast 
response from advertisers. After 
obtaining your Subscriber 1.0. 
Card, dial TIPS and enter your 
inquiries. You'll save as much 
as ten days over the response to 
Reader Service cards. 


ү] Free Programs Via BY TEnet: 
You get access to the BYTEnet 
Bulletin Board Service, which 
allows you to download, via 


Program 


ы- 
Mata Wore Migh С 28 
тугул 


ПІ 


modem, valuable program 
listings. There is no connect 
charge for this service. 


У] Subscription Service: If you 
have a problem with, or a 
question about your subscrip- 
tion, you may call our service 
department toll-free at 
800-423-8272 (in New Jersey 
call 800-367-0218) during 
regular business hours (Eastern 
Time). You can also use 
Subscription Service to obtain 
back issues. Should you care to 
correspond, use the following 
address: РО, Box 6821, 
Piscataway, N.J. 08855. 


ү] Editorial Indices: Available 
through our customer service 
department P.O. Box 328, 
Hancock, New Hampshire 
03449. 


PAID SERVICES 


У BIX: ВҮ ТЕ» Information 
Exchange puts you on-line 24 
hours a day with your peers 
via computer conferencing and 


electronic mail. All you need to 


sign up is a microcomputer, а 
modem, and telecomm soft- 
ware. For further information 
and cost, call 1-800-227-BY TE. 


М Program Listings: Listings of 
programs that accompany 
BYTE articles are now avail- 
able on BIX, on disks or in 
quarterly printed supplements 
(see reply cards in this issue for 
cost information), or call 
1-800-258-5485. 


ví Microform: BYTE is available 
in microform from University 
Microfilm International in the 
U.S. and Europe. See Contents 
page for cost information. 

DISCOUNTS 

У] One-year subscription at $22.95 

м Two-year subscription at $39.95 


у] Three-year subscription at 
$55.95 


У One-year group subscription for 
ten or more at $18.95 each. 
(Call or write for details.) 


TOLL-FREE NUMBERS FOR 
YOUR CONVENIENCE: 


Subscriptions & Back Issues: 
1-800-423-8272 
(in N.J., 1-800-367-0218 ) 


BIX: 1-800-227-BY TE 


Program Listings Orders: 
1-800-258-5485 
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Bradley L. Richards 


When Facts Get Fuzzy 


Add fuzzy logic to your Turbo Prolog 
programs and they'll be able to cope 
with the uncertainties of real-world 


situations 
M well for reasoning in artificial domains such 
as formula-proving. But as soon as the meteo- 
rologist says “partly cloudy," we are thrown back into the 
real world, where facts are often ambiguous. If artificial in- 
telligence (АТ) is to succeed at modeling human reasoning, it 
must be able to deal with information that might be uncertain, 
or even inaccurate. 

Fuzzy logic lets us do just that. Programs using fuzzy logic 
are a series of fuzzy-logic statements, just as ordinary Prolog 
programs are a series of predicate (1.е., two-valued) logic 
statements. 


ost of us like to reason in absolutes. For exam- 
ple, we might say, "If the sky is blue, then it 
isn't raining." This simple approach works 


Reasoning with Uncertainty 

In traditional set theory, an element either belongs to a set or it 
doesn't. Elements in a fuzzy set may belong only partially to the 
set. The classic example is the set of “young” people. At what 
age is someone no longer young? There is no established divid- 
ing line, so a fuzzy-set definition might show a person 20 years 
old as "90 percent young," while someone 60 years old would 
be only “30 percent young." The degree of membership in a 
fuzzy set ranges from Oto 1. 

This ability to deal with a continuous range of values, rather 
than just true and false, is exactly what we need to reason in the 
real world. However, applications that try to model human rea- 
soning also need additional operations derived from probability 
theory, since we often think in terms of probabilities. To date, 
the sets of operations that different applications use to deal with 
uncertainty have had little in common. 

Fuzzy logic defines the minimum set of operations needed by 
most applications that deal with uncertainty, and is therefore a 
good candidate to use as a standard. Applications with unusual 
requirements can define further fuzzy-logic operations by 
building on this basic set. Fuzzy logic is a superset of predicate 
logic, which means that nonfuzzy information is handled nor- 
mally, using the same operators that you would use to handle 
fuzzy information. 

Fuzzy-logic operators are defined on fuzzy truth values, 
which range from 0 (false) to 1 (true). There are four binary 
operations: fuzzy AND, fuzzy OR, probability AND, and 
probability OR (which are written as АМР, f-OR, p-AND, 


and p-OR). One unary operation is defined: NOT. We can de- 
scribe these operations by ordinary arithmetic functions: 


af-AND& = min(a, b) 

а f-OR b = max(a, b) 
ap-AND5 -axb 
ap-ORb =а+р– (а х р) 
МОТ а =l-a 


The three operations f-AND, f-OR, and NOT correspond di- 
rectly to the predicate-logic operations AND, OR, and NOT. 
They produce the same results on nonfuzzy values (1.е., 0 and 
1), and they obey the same mathematical properties. 


Operations from Fuzzy-Set Theory 

Fuzzy-set theory, like ordinary set theory, has the three basic 
set operations: intersection, union, and complement, From 
these operations we can derive the f-AND, f-OR. and NOT op- 
erations, as I'll explain. 


* Fuzzy intersection. If an element has differing degrees of 
membership in two fuzzy sets, the lesser degree dictates its de- 
gree of membership in an intersection of the two sets. For exam- 
ple, if a man is 80 percent young and 40 percent good-looking, 
he is only 40 percent young and good-looking. With the non- 
fuzzy values О and 1, this operation produces the same results as 
an AND in predicate logic. From this operation we derive the f- 
AND. 

е Fuzzy union. Conversely, if an element has differing degrees 
of membership in two fuzzy sets, the greater of the two indicates 
its degree of membership in a union of two fuzzy sets. Using the 
previous example, our subject would then be 80 percent young 
or good-looking. 

With nonfuzzy values, this operation is equivalent to the 

predicate logic OR. This becomes the f-OR operation. It is the 
only significant incompatibility between Prolog and Fuzzy Pro- 
log; the Prolog OR operator is a decision point rather than a true 
predicate logic OR. 
* Fuzzy complement, Ат element's degree of membership in 
the complement of a fuzzy set is 1 minus its degree of member- 
ship in the set itself. Someone who is 80 percent young is, there- 
fore, only 20 percent old. With nonfuzzy values, this operation 
is equivalent to the NOT in predicate logic and is the basis for 
the NOT in fuzzy logic. It is not called the f-NOT, since there is 
no difference between the complement operation we derive 
from fuzzy-set theory and the one we will derive from probabil- 
ity theory. 


Fuzzy-set operations are important, since they essentially ex- 
tend predicate logic into the realm of fuzzy information without 
altering the way we think about logic. Past enhancements to Lisp 

continued 
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and Prolog that added fuzzy reasoning abilities have used some 
or all of these fuzzy-set operations. Unfortunately, fuzzy-set 
operators are not, by themselves, sufficient to model human 
reasoning. Most applications require additional operations de- 
rived from probability theory. 


Operations from Probability Theory 

The need for reasoning in probabilities comes up in everyday 
experience. When you make a decision based on uncertain in- 
formation, you intuitively weight the data according to their im- 
portance and certainty. You then select the course of action 
which, based on all the evidence, seems most likely to yield a 
desired result. 

Consider, for example, the process of diagnosing a disease. 
Several symptoms may be characteristic of the disease, and the 
more symptoms we observe, the more certain we are that the 
disease is present. Symptoms may not have equal importance— 
a headache could indicate any number of ailments, but blurred 
vision is more specific and more indicative of a particular 
disease. 

Fuzzy-set operators provide no good means of combining 
weightings of symptoms. The best we сап do is use the f-OR. If 
symptom А indicates a 70 percent chance of the disease and 
symptom B indicates a 40 percent chance, the likelihood of the 
disease would be calculated as 


0.4 f-OR 0.7 = max(0.4, 0.7) = 0.7. 


This totally disregards the accumulation of evidence; it only 
considers the single most significant symptom. 

Now, let's consider a probability function. Given two inde- 
pendent events А and B, the probability of either occurring is 


р(А or B) = p(A) + p(B) ~ (PMA) X р(В)). 


If we apply this function to the diagnosis above, we find that the 
likelihood of the disease is 


0.4 p-OR 0.7 = 0.4 + 0.7 — (0.4 x 0.7) = 0.82, 


which does show an accumulation of evidence. This is the prob- 
ability-OR (p-OR) in fuzzy logic. 

Up to this point, we've assumed that symptoms are either 
present or absent. This two-valued logic is exactly what fuzzy 
logic is supposed to avoid. Suppose, for example, that one of the 
symptoms is an elevated white-blood-cell count. There is no 
specific value above which the cell count suddenly becomes 
"elevated." The cell count covers a continuous range; higher 
counts yield more certainty that something is wrong. So, the 
proper way to handle this is to map the range of cell counts onto 
the range of fuzzy values and include this certainty factor in the 
calculations. 

The way to include the certainty factor is to use another prob- 
ability function. Given two independent events, А and B, the 
probability of both occurring is 


p(A and B) = р(А) х p(B}. 


In the example above, the probabilities are: The chance that a 
symptom is present (the certainty factor) and the relative tmpor- 
tance of that symptom to the diagnosis (the weighting factor). 
This is the probability-AND (p- AND) function in fuzzy logic. 

Finally, we can derive a complement operation from proba- 
bility theory. If we know the probability of event А, then the 
probability that the event will not occur is 


р(по A) = 1 — p(A). 
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Since this is identical to the complement function derived from 
fuzzy-set theory, no distinction need be drawn between the two. 


Using Fuzzy Logic 

The most common method of adding fuzzy-logic capabilities to 
existing AI languages is to write a shell that runs on top of the 
existing language. For example, we can add fuzzy-logic opera- 
tions to Turbo Prolog with the file FUZZY.PRO (see listing 1). 
This file 15 referenced as an include file by Turbo Prolog pro- 
grams in which you wish to use fuzzy logic. 

Since Turbo Prolog does not allow the definition of new oper- 
ators, the fuzzy-logic operators are used as predicates, and 
fuzzy-logic statements are expressed in Reverse Polish Nota- 
tion. We use the symbols below to represent the five operators in 
fuzzy logic. 


NOT Е NOT 
p-AND р AND 
p-OR p-oR 
f-AND РАЮ 
f-OR f OR 


In addition, we define and use the two predicates fuzzy and 
threshold. Listing 1, FUZZY.PRO, uses fuzzy to set and re- 
trieve fuzzy-truth values, and it uses threshold to tell the pro- 
gram the lowest acceptable truth value, below which Prolog 
should backtrack and search for another solution. 

In Prolog, the statement (or rule) 


grandparent(X, 7} :— parent(X, У}, parent(Y, 5). 


means “Х is the grandparent of Z if X is the parent of Y and Y is 
the parent of Z." Similarly, simple facts are represented as 


parent(betty, tammy). 
arent{anna, betty). 


Given these two facts, and the rule above, if you ask 
grandparent(anna, tammy), 

Prolog will respond 

True. 


With fuzzy logic, Prolog will also accept facts like 


seary(king_kong) :- fuzzy(0.5). 
funny(king kong) :- fuzzy(0.1). 


scary(american werewolf) :- fuzzy(0.5). 
funny(american werewolf) :- fuz2y(0.5). 


and rules like 


good movie(X) :- seary(X) , funny(X) , p OR, 
threshold(0.6). 


The values in the facts are fuzzy-truth values. King Kong is mod- 
erately scary, but not particularly funny. Ал American Were- 
wolf in London is both moderately scary and moderately funny. 
The rule says, in effect, that a movie is good if it is suffi- 
ciently scary or sufficiently funny; the threshold of "good" is 
defined as any truth value 0.6 or higher. You use the р-ОК oper- 
ator in cases like this where evidence is to be accumulated. 
American Werewalf wouldn't be "good'' based on either factor 
continued 
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А Message To 
OUR SUBSCRIBERS 


ROM TIME TO TIME WE MAKE THE BYTE 

subscriber list available to other companies who 
wish to send our subscribers material about their pro- 
ducts. We take great care to screen these companies, 
choosing only those who are reputable, and whose pro- 
ducts, services, or information we feel would be of in- 
terest to you. Direct mail is an efficient medium for pre- 
senting the latest personal computer goods and services 
to our subscribers. 


Listing 1: This file, FUZZY.PRO, adds fuzzy-logic 
operations to Turbo Prolog when referenced as an 
include file in Turbo Prolog programs. 


database 
truth (real) 
thresh (real) 


predicates 
init fuzzy fuzzy (real) 
f OR f AND p OR p AND 


Енгезһсігіігеа1) 
f NOT 


fuzzy maxí(real, real, real) 
fuzzy miní(real, real, real) 


Many BYTE subscribers appreciate this controlled use 
of our mailing list, and look forward to finding infor- 
mation of interest to them in the mail. Used are our 
subscribers names and addresses only (no other 


information we may have is ever given). 


While we believe the distribution of this information is 
of benefit to our subscribers, we firmly respect the wishes 
of any subscriber who does not want to receive such pro- 
motional literature. Should you wish to restrict the use 
of your name, simply send your request to the follow- 
ing address. 


clauses 


/* Init fuzzy must be called before any 
fuzzy operators or predicates are used. 
It sets the initial search threshold to 
which fuzzy truth values are compared.*/ 


init fuzzy :- assertaí(thresh(0.01)). 


/* Fuzzy із used to specify a particular 
fuzzy truth value, or to retrieve the 
* 
current truth value. / ВУТЕ м 
ATTN: SUBSCRIBER SERVICE 
PO. Box 7643 Ma 
TEANECK, NJ 07666-9866 НЩ 


MAXIT 


fuzzyiTruth) :- bound(Truth), 
asserta(truth (Truth) }, 
retract {thresh (Thresh)), 
asserta(thresh(Thresh)}, !, 
Truth >= Thresh. 


fuzzy (Truth) :- retract (truth{Truth)), 
asserta(truthi(Truth)), !. 


increases your 
DOS addressable conventional 
memory beyond 640K 


/* Threshold sets or retrieves the search 
threshold used by the Fuzzy Logic 
operations. If a call to FUZZY or the 
result of a Fuzzy Logic operator results 
in à truth value less than the threshold, 
the predicate or operator will fail. */ 


W Add up to 256K 
above 640K lor prc- 
gramm like FOXBASE+ 
and PC/FOCUS 


B Shori cazd works in 
ihe IBM PC, XT, AT, 
and compatibles. 


B Tap off a S12 ІВМ 
AT a memory to 640K 
and add another 
126K beyond that 


B Aun resideni 


programe like 
Sidekick above 640K 


B Compelble with 
EGA, Network, and 
othar memory cards. 


B Add up to 96K above 
640K to all progreraa. 


rhresholdí(Truth) :- bound(Truth), 
retract (thresh{ )), 
assertaíthresh (Truth}}, 


Break through the 640 barrier. 


retract (truth{Current)), 
asserta {truth (Current) ), 
}, Current >= Truth. 


MAXIT increanos your PC's available 
memory by meking use ol the vacant 
unused address space between 640K 
and 1 megabyle. (See iluatrahonal 


Extend the productive lile ol your, ІВМ 
РС, XT, AT ог compatible The MAXIT 
256K memory card and software works 
autamatcally. 11 you have questions, 
our customer suppori people will 


threshold(Truth) :- retract[(thresh(Truth])), 


asserta(thresh({Truth}), 
t 


а 


answor them, Lant 


/* Fuzzy logic contains five basic 
operators: fuzzy-AND, Ғиг?у-ОЕ, 
probability-AND, probability-OR, and 
NOT. In this Turbo Prolog implementation, 
these are represented by f-AND, Ғ-ОЕ, 
p-AND, B-OR, and f-NOT respectively. 
"F-NOT" is used to avoid conflicting 


with the Turbo Prolog predicate "NOT." 
Order tol] Неа 1-HOO-Z27-.0900. MAXIT i» just $245 plus $4 shipping, and 


applicable atate sales iaz. Buy MAXIT today and soive your PC's mamory crima. 
Outside the U S.A call 1-415-548-2085. We accept VISA, MC, American Express 


MAXIT os а Iraceamark nul Osborne McGrew-Hill (BM ся a ragirereid rredaemark ol Internmional 
Business Machines Corpormion, Бааки ig 8 registered tredamark of Boriand inbarnmiicnni, Inc. 

| РОХВАЗЕ › is й traderoerk of Fox Saltwara, Hercules m a itedomack of Hercules Computer 
Technology, lnc, XT and AT sre registered lrademarks of Inia nations! Business Machines Corpo. 
тиісе, Compa i а registered rrademark of Compaq Computer Corporation 
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Since Turbo Prolag does nat support 
true operator definition, the Fuzzy 
Logic operators are used syntactically 
as predicates, in the order specified 
by Reverse Polish Notation (RPN). For 
example, the clause 

woof :- fuzzyi(0.6), fuzzy{0.7), 

p-AND, fuzzy(0.4), p-OR,. 


represents the Fuzzy Logic expression 
(0.6 p-AND 0.7) p-OR 0.4 


Note that only predicates which use 
Puzzy Logic will generate fuzzy truth 
value operands. Other predicates, 
including those built in Со Turbo 
Prolog, до not generate fuzzy truth 
values. Hence, the clause 

waof iX, Y) :- fuzzy(0.6), 

f~AND. 


e Y, 


із incorrect since f-AND requires two 
operands, but only one [from the FUZZY 
predicate) has been generated. */ 
f OR :- retract (truth (Х)), 
retract (Eruth (Y)) , ! , 
fuzzy тах (Х, Y, 2), 
“- retract (огон (X) 2, 
retract(truEh(Y)), 1, 
fuzzy minix, Y, 2), fuzzyi!2), !. 
:- retract (truth(X}}, 
retract (truth (Y)), !, 
Z-XY- (X * Y), fuzzy(Z), |. 
P AND :- retract (truth (X)}, 
retractí(truth(Y)),!, 
Z= Х * Y, Рау], Г. 
retractí(truth(X)), !, 
2 = l- X, Ғиғгү(2), !. 


Гпггу(2), 1. 
f AND 


p GR 


f NOT :- 


/* Local predicates used by Еле 
fuzzy operators */ 


і- X >= Y, |, 
$02 = Y. 


à = X. 


fuzzy max(X, Y, 2) 
fuzzy пахі , Y, 2) 


fuzzy тіп(Х, :- X «аш Y, 


fuzzy т1їп{_, 


alone, but the p-OR will calculate the combined value 

0.5 p-OR 0.5 = 0.5 + 0.5 — (0.5 x 0.5) 20.75, 
which is high enough to pass the threshold test and to be ac- 
cepted. For King Kong, on the other hand, the value calculated 
would be 

0.5 p-OR 0.1 = 0.5 + 0.1 — (0.5 x 0.1) = 0.55, 
which would not pass the test. So, if we asked 
good movie(X). 
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the program would respond with 


X-amerlcan werewolf 
1 Solution 


indicating that American Werewolf is the only good movie it 
knows of, based on the program's criteria. 

As another example of how you can use fuzzy logic, look at 
listing 2, CITY.PRO. This program evaluates the quality of life in 
different cities, based on a few factors that reflect one view of 
what is important. It uses a database of facts that describe the 
characteristics of various cities: how warm and dry the climate 
is, the approximate population, and the relative cost of living. 
All values but the population are rated on a scale from 010 1. 

The program breaks these criteria into two categories, Loca- 
tion and characteristics, and it treats these categories as 
evidence to be accumulated using the probability operators. It 
assigns a weight, or importance, of 0.5 to location using the 
p-AND operator, and similarly assigns a weight of 0.9 to char- 
acteristics. The main rule reads 


пісе city(X):- 
init fuzzy, location(X), fuzzy(0.5), p AND, 
characteristics(X), fuzzy(0.9) , p AND, p OR, 
fuzzy(Rating), 
write(X, "Ваз а rating of", Rating), nl. 


The first predicate, init fuzzy, initializes the fuzzy-logic op- 
erations. Location generates the fuzzy-truth value for the city's 
location. Fuzzy sets a fuzzy-truth value of 0.5, which is then 
combined with the value from location using the p AND opera- 
tor. This sequence is repeated with characteristics, and then 
the weighted results of location and characteristics are 
combined with the p OR. Finally, the program calls fuzzy with 
the variable Rating (which has no value yet) to retrieve the cur- 
rent fuzzy-iruth value, and prints this as the rating of the city. 

Not all predicates generate fuzzy-truth values—only user-de- 
fined ones that themselves use fuzzy logic, and the predicate 
fuzzy called with an instantiated value, generate fuzzy-truth 
values, which can be combined using the fuzzy operators. 

In nice city, the first predicate resolved is locatlon, 
which contains two predicates and a fuzzy-logic operator 


location(X) :-сізу(Х), elimate(X), f AND. 


These provide the name of the city and an evaluation of с11- 
mate. So long as the database contains a city that hasn't been 
looked at, predicate city will set X to a city name and return a 
fuzzy-truth value of 1. This value is combined with the results of 
climate by an f-AND (which selects the lowest value); hence, 
location will return the truth value from climate. 


Climate evaluates the two climatic factors by using the f-AND 
climate(X) :- warm(X), ату(Х), Ғ AND. 


Since the f-AND selects the lower of the two values, this reflects 
the idea that a climate is only as nice as its worst factor; in order 
to be pleasant, a city must be both warm and dry. 

The characteristics rule evaluates the population and the 
cost of living: 


charaecteristics(X) :- 
population(X,Pop), Val = Pop/2500.0, 
fuzzy{Val), Ғи22у(0.9), p AND, 
expensive(X), f. NOT, fuzzy(0.5), p AND, 
p. OR, Ғ АМ). 


FUZZY PROLOG 


The first task of this rule is to map population (given in thou- 
sands) onto the range 0 to 1. In this case, the population is sim- 
ply divided by 2500 and the answer stored in Vai. The fuzzy 
predicate turns this into a fuzzy-truth value. 

The factor for cost of living is higher for cities where the cost 
of living is higher. To determine the desirability of a city, the 
program uses І-МОТ to invert the truth value of the expensive 
predicate so that less expensive cities receive higher ratings. 
The population and expense factors are combined using the 
same method of accumulating evidence discussed above. The 
final f-AND considers this value and the truth value (1.0) re- 
turned by population and chooses the lesser of the two, and so 
does not change the calculated value. The f-AND is required, 
however, to remove the population truth value from the evalu- 
ation stack. 

To see how all this works, let's trace the execution of the pro- 


gram. If you ask 
nice city(Where). 


the program will enter the пісе city rule and begin by evaluat- 
ing location, which, in turn, first evaluates city. The city 
predicate searches the database and returns with X set to albu- 
querque, the first city appearing in the database; its truth value 
is 1.0. 

Location continues by evaluating climate. The climate 
predicate gets the values for varm(albuquerque and dry (а1- 
buquerque), which are both 0.9, combines them with the 
f-AND operator, and returns the result of 0.9. Location takes 
this value, f-ANDs it with the truth value returned by city (1.0, 
since it found a city), and hence returns with its own truth value 
set to 0.9. Predicate пісе el1ty weights this with the value 0.5, 
resulting in an intermediate value of 0.45. 

The program must then resolve characteristics. Іп char- 
acteristics, the program retrieves the population of albu- 
querque, divides it by 2500, and stores the result of 0.2 in Va1. 
The evidence accumulation 


fuzzy(Val), fuzzy(0.9), p AND, 
expensive(X), f. NOT, fuzzy(0.5) , р AND, 
p. ОВ 


takes the value of Val, 0.2, and p-ANDS it with the weighting 
0.9, resulting in a value of 0.18. The second half of the expres- 
sion retrieves the expensive value of 0.6, uses f-NOT to invert 
it to 0.4, and weights it with the value 0.5 for a result of 0.2. The 
two halves are combined with the p-OR, which yields a value of 
0.344. 

This value is -ANDed with the truth value 1.0 returned when 
the population was retrieved. This results in no change, so the 
program returns value 0.344 as the truth value of char- 
acteristics. 

Finally, the program can evaluate the nice_city clause. The 
value from characteristics is p-ANDed with 0.9, producing 
a value of 0.3096, and this is p-ORed with the truth value from 
the first half, which was 0.45. This yields a final rating for Al- 
buquerque of 0.62028. Based on this, the program will respond 
to our query about where nice cities are located with 


albuquerque nas a rating of 0.62028 
Wheresalbuquerque 


The program also provides the answers: 
boston has a rating of 0.74545 


Where=boston 
continued 


Listing 2: The program CITY. PRO uses the fuzzylogic 
operations in listing I to evaluate the quality of life 
in different cities. 


/* 
City -- This із а simple program wbich 
uses fuzzy logic to determine how "nice" 
various cities are. wf 


include "fuzzy.pro" /* Include the fuzzy 
logic module “7 


predicates 
пісе city(symbol) location{symbol) 
city {symbol} climate (symbol) 
warmisymbol) dry (symbol) 
characteristics (symbol) 
population (symbol, integer) 
expensive (symbol) 


clauses 


пісе city(X) :- init fuzzy, location(X), 
fuzzy(0.5), p AND, 
characteristics(X), 
fuzzy(0.9), p AND, p OR, 
fuzzy (Rating), 
write (Х, 
" has a rating of ", 
Rating), 
nl. 


location(X) :- city(X), climate(X), f AND. 
climate(X) :- warm(X), dry(X), f AND. 


characteristics (X) :- population(X, Pop), 
Val = Pop/2500.0, 
fuzzy (Val), 
fuzzyi(0.9), p AND, 
expensive(X), f NOT, 
fuzzy(0.5), p AND, 
p OR, f AND. 


/* Data on various cities */ 


city (albuquerque) :- fuzzy(1.U). 
city(hoston) :- fuzzy(1.0). 
city (ft worth) :- fuzzy(1.0). 


warm(albuquerque) :- fuzzy(0.9). 
warm(boston) :- fuzzy(0.5). 
warm(ft worth) :- fuzzy(0.9). 


drytalbuquerque) :- fuzzy(0.9). 
dry(boston) :- fuzzy(0.6). 
dry(ft worth) :- fuzzy(0.7). 


population (albuquerque, 500) :- fuzzytl.U). 
population(boston, 2000) :- fuzzy(1.0). 
population(ft worth, 1500) :- fuzzy{1.0). 


expensive (albuquerque) :- fuzzy(0.6). 


expensive(boston) :- fuzzy(0.9). 
expensive (ft worth) :- fuzzy(0.8). 
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ft_worth has a rating of 0,69281 
Wherezft_worth 


3 Solutions 


From this, we can see that the program continued searching 
the database for more cities, It evaluated the cities in the order it 
found them, and printed out the results for each nice city il 
found, 


Creating Fuzzy Prolog From the Ground Up 

While you can add fuzzy logic to an existing dialect of Prolog, 
applications pay a significant penalty in efficiency, since the 
shell adds another layer of software between the application and 
the machine. Also, the result is often awkward to use. This is 
true of my Turbo Prolog implementation in two regards: Using 
Reverse Polish Notation for fuzzy-logic operators, and remem- 
bering which predicates produce fuzzy-truth values can be con- 
fusing. In addition, backtracking will not properly undo the re- 
sults of fuzzy operations, since they are not an implicit part of 
the language. 

The best solution to these difficulties is to build fuzzy logic 
into a dialect of Prolog from the ground up. I have written a 
dialect of Prolog called Fuzzy Prolog, which implements fuzzy 
logic. 
inse fuzzy-logic operations are an implicit part of the lan- 
guage, the difficulties mentioned above do not exist. Also, since 
fuzzy logic is a superset of predicate logic, Fuzzy Prolog re- 
mains compatible with Prolog and will run all ordinary Prolog 
programs. For information on obtaining the source code to 
Fuzzy Prolog, see the Editor's note at right. 


T, 


> [IN-HOUSE DATA TRANSMISSION MARATHON | < 
Out of breath at 50 feet? 


А Fuzzy Standard 

Problems are rarely black and white, and answers almost never 
true or false. Current applications that try to simulate human 
reasoning must deal with uncertainty before they can begin to 
address their real objectives. 

To date, however, the different approaches that have been de- 
veloped for dealing with uncertainty have shown little consis- 
tency with one another. Fuzzy logic provides a common core of 
operations and, thereby, a basis for standardization. Making 
fuzzy logic an implicit feature of a language such as Fuzzy Pro- 
log relieves applications of much of the burden of dealing with 
uncertainty. Consequently, software development will take less 
time, and the resulting software will be less complex. Of that, 
we can be fairly certain. B 


Editor's note: The Turbo Prolog programs FUZZY. PRO and 
CITY. PRO and the source code for the Fuzzy Prolog interpreter 
are available on BIX, on BYTEnet, on disk, and in the Quar- 
ету Listings Supplement. See page 3. The Fuzzy Prolog inter- 
preter is written in Ada, and the source code is public domain. 
The user's manual, source code listings, and complete docu- 
mentation for Fuzzy Prolog are also included in the author's 
master's thesis, "Programming in Fuzzy Logic: Fuzzy Prolog," 
Air Force Institute of Technology. December 1986, available 
for $30.95 from ihe National Technical Information Service, 
(703) 487-4650. Request document ВАРА 177940. 


Bradley L. Richards is a captain in the Air Force assigned to the 
Defense Logistics Ágency in Boston, Massachusetts, He is also 
a faculty member in the department of computer science at Mer- 
rimack College. 


Now go the distance. 


Are your | 
RS-232 data 8 

lines out of | | 

breath before 

they cross the finish line? Ате you restricted 
from placing your computers and peripherals 
where you need them due to the 50 foot limit 
imposed by the RS-232 standard? 
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breathing hard. Using standard, inexpensive 
twisted pair telephone wiring and our easy- 
connect LD series long line drivers, you can 
achieve data rates in excess of 56 kilobits per 
second. Contact us today and we'll rush to 
get you more 
information... 
FAST. 


EA / Е п Western 
ШЦ] П Telematic Inc. 
/ Ё -5 Sterling, Irvine, California 92718 
(714)586-9950 i 
(800) 884-7226 (Outside California) 
' Fax (714) 583-9514 
Telex: 467741 


RM. 
Га 


Circle 292 on Reader Service Card (DEALERS: 293) 


LOWEST CPM. 


LEAST 
DUPLICATED READERS. 
SMALLEST 
RAI E INCREASE. 


Other computer magazines have been raising 


their rates way out of proportion to their circu- 


lation growth (costs up 30 or 40 percent). 
We've raised ours a modest 7%. 

While other magazines are breaking 
the $30, $40, $50, and even $100 B&W СРМ 
barriers, ours remains an attractive $25.28. 

While other PC books are scrambling 
to figure out how to juggle the PC and Mac, 
we're already delivering. With a combined 
95% PC, and 38% Mac penetration. 


While other magazines fight head to 
head for the same readership, 45% ofour paid 
readers do not read any other major PC-specific 
HOOKS, 

And, when they're not reading BYTE, 
they're busy buying product. In fact. 90% of 
our subscribers directly influence their com- 
рапув microcomputer purchasing decisions. 

You'd like to find a way to keep your 
media budget in line. We're it. Call Dennis 
Riley at (603} 924-9281 for more facts. 


Sources: Fall 1387 МІНІ Study, 1987 Subscriber Profile Stih 


BY ТЕ 


IT’S INDISPENSABLE. 


ФЕ %55 #Е 


Chips of Note 


Limited Edition Classics 

You've seen them on the cover of Byte — now enjoy 
these delightful images as stunning limited edition 
prints! Each print pictured here is published in an 
edition strictly limited to only 1000 signed and numbered 
prints, and each is accompanied by its own Certificate 
of Authenticity. 

These gorgeous reproductions are printed on select 
100% cotton fiber stock; this is a museum grade acid- 
free paper, highly resistant to yellowing and cracking. 
You will be assured of a print which will retain its color 
and beauty for generations. 


$55 
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Г] 1 have enclosed U.S check or money order. 
U COD. (via UPS—stateside orders only) 
С ViSA Г] MasterCard O American Express 


Ел Ene 


$55 


otriking 16" x 20" 
Limited Edition 
Prints from the 
pages of Byte. 
Fach print Is 
signed and num- 
bered by the artist, 


а Robert Tinney. 


Human Dimensions 


Price and Shipping 

The price of Byte Limited Editions, which depends on 
the number of unsold prints in each edition, is shown 
above each print pictured here. In addition, a 15% 
discount is available if you order two or more prints. 

Your prints will be shipped flat, usually within a week of 
our receipt of the order. Shipping is via UPS Blue Label. 


Guarantee 

Ship your prints back to us within 30 days of your 
order, and you will be given a complete, no-questions- 
asked refund. 


тай this coupon to: 
Robert Tinney | 
Graphics 


Card #: 1864 North Pamela Ог. 
| Baton Rouge, Louisiana | 

Expires: Erg _ ри 70815 
Ship my Print(a) to: For VISA, MasterCard or | 

| American Express orders, 
Name: or tor more information | 

(Business): Call 1-504-272-7266 
Address | 

— | 

City: " 


Mark А. O'Neill 


Faster Than Fast Fourier 


The fast Hartley transform is twice 
as fast as the fast Fourier and uses 
only half the computer resources 


oseph Fourier left to mathematics a rich legacy: 
The transform that bears his name processes 
many of today's audio and electromagnetic sig- 
nals. Image processing and digital filtering of 
| signals use the Fourier transform or its faster 


descendant. 

However, the fast Fourier transform (FFT) requires a large 
amount of computer resources. The fast Hartley transform 
(FHT) can accomplish the same results faster, using fewer re- 
sources. First described by Ronald Bracewell (see reference 1), 
the FHT handles many of the jobs now done by the Fourier 
transform. 

Both the FHT and the FFT let you map a continuous signal 
over time onto a frequency function. The Fourier transform 
maps a real function of time X(t) to a complex function of fre- 
quency, РУ). 

The Hartley transform maps a real function of time X(r) onto 
а real function of frequency Н( f). Since the Hartley frequency 
function is real, you need only single arithmetic operations to 
compute it. 

Compare this to the many arithmetic operations required of 
the complex Fourier frequency function (four operations for a 
complex multiply or divide, and two for complex addition or 
subtraction). 

Furthermore, real data arrays require only half the memory 
storage of complex data arrays. This means that the Hartley 
transform will require considerably less memory for a given 
data set than the Fourier transform. Therefore, the Hartley 
transform will be distinctly faster and use less memory than the 
conventional Fourier transform in digital filtering and image en- 
hancement applications where you have to process large 
amounts of data. 


A Definition of the Hartley Transform 

Equation (1) shows the analytical form of the Hartley transform, 
and (2) shows its inverse transform, used to map the frequency 
function back into the time domain: 


Нр) = x | x(t) cas(2 xft) dt, (1) 


~ 6 


Х = | НС) саз 2ж/) df. (2) 


where cas(2x/t) = cos(2xfi) + sin(2xft). 


The function cas(27f?) was introduced by R.V.L Hartley (see 
reference 2), who first proposed the Hartley transform in 1942. 

You can see that these equations are very similar to those of 
the Fourter transform and its inverse: 


1 = 
КЛ = 5- | X(t) eB qr, (3) 


= о 
oo 


X() = | F(f) езу df. (4) 


oo 


where e?*^* = cos(2xft)+j sin(2xfi), and е2" = cos(2sft) 
— J sin(27ft). (These are known as Euler's formulas.) 

Note that I'm using the electrical engineering convention of 
labeling the imaginary unit i as }. The principal difference be- 
tween the two functions is that the real function cas(Z xfi) in the 
Hartley transform replaces the complex exponential term e*/1*^ 
in the Fourier transform pair. 

The Hartley and Fourier transform functions in (1) through 
(4) deal only with continuous variables. As is often the case with 
computer data in the real world, signals are sampled at discrete 
intervals of time or for a specific interval. Fortunately, you can 
define a discrete transform that can represent a quantized con- 
tinuous signal, or a signal of limited duration. The discrete 
forms of the Hartley transform pairs are 


N-L 
H(f) = М 97 Fit) cas(2aft/N) (5) 
and е 
N-1 
Ха = } nup cas(2xft/N). (6) 
)т9 
Again, note the similarities to the Fourier transform pairs: 
N-1 
Ff) = + Y Xu etiim, (7) 
r=0 
N-1 
X(t) = 2 F( f) ежи! МУ. (8) 
/*0 
The Fast Algorithm 


Ав it stands іп (5) and (6), computation of the discrete Hartley 
transform presents an analogous problem to the computation of 
the discrete Fourier transform. That is, you have to perform №? 
arithmetic operations to compute the discrete Hartley transform 
of an N-element data set. 

А classic paper by Cooley and Tukey (see reference 3) in 
1965 led to the development of a fast algorithm for the machine 
computation of a complex Fourier series. 

Essentially, the FFT uses a permutation process to bisect the 
data until data pairs are reached. Calculating the Fourier trans- 

continued 
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form of such data pairs is trivial (i.e., rapid). 

The idea behind the permutation process is that it's faster to 
split the data into pairs, compute the transform of the pairs, and 
recombine these to make the entire transform rather than to 
compute the transform for the complete data set. 

Permutation is particularly fast when the amount of data is 
large. If you superimpose all such two-element pairs using a 
process sometimes referred to as the “butterfly” (due to the ap- 
pearance of the diagram of the data flow; see figure 1), you can 
compute the Fourier transform of the input data set. It takes ap- 
proximately N log(N) seconds to compute the transform of an N- 
point data set. 

Bracewell (see reference 4) has shown that you can employ a 
similar methodology in the case of the Hartley transform. 
Again, you use the permutation process to bisect the data until 
you get data pairs. 

The Hartley transform of a data pair (a, b) is “Ala + b, a — 
b), and the computation of such pairs is trivial. You can also 
superimpose these two-element sequences to calculate the Hart- 
ley transform of the input data set. However, to do so requires a 
formula that expresses a complete discrete Hartley transform 
(DHT) in terms of its half-length subsequences. 

Bracewell has shown by application of the Shift and the Simi- 
larity theorems that (9) expresses the general decomposition 
formula for the DHT. This general decomposition formula gen- 
erates the desired DHT by bisecting the data. 


Figure 1: The butterfly 
diagram for the fast Hartley 
transform for an eight- 
element data set. In the first 
column of cells, the indexes 
show the effects of 
permutation on the data 
elements. The next three 
columns represent the data 
elements as superimposed 
by the decomposition 
formula for the butterfly 
computation. These cells 
show the three indexes of the 
elements. You can see the 
effects of retrograde indexing 
for an eight-element data 
set in indexes for the third 
and fourth iteration of the 
butterfly. Radians at the 
bottom of the diagram give 
the angular spacing between 
trigonometric coefficients. 


294 BYTE * APRIL 1988 


Put another way, it's the rule used to generate the elements to 
be used in the butterfly computation of the transform. You can 
apply similar methodology to the Fourier transform to yield the 
decomposition formula given in (10): 


FK f) = НКР + НХР) cos(2xf7N,) 
+ HXN,—f) sin(2xf/N,), (9) 


FU) = FG) + Fen, 


where М, is the number of elements in the half-length sequence, 
and thus №, = №2 for a data set of N elements. Figure 1 shows a 
complete butterfly diagram for computing the FHT for an eight- 
element data set. 

The decomposition formula for the FHT differs from the FFT 
in one important respect: The elements multiplied by the trigo- 
nometric terms are not symmetric. In the FFT decomposition 
formula of (10), terms multiplied by the trigonometric coeffi- 
cients involve terms only in F( f). In the FHT decomposition 
formula of (9), both H( f) and H(N,— f) have sine coefficients. 
This asymmetry becomes apparent when you express the dis- 
crete transforms as matrix operations: FFT matrix terms are 
symmetric about the matrices’ leading diagonal, while corre- 
sponding terms for the FHT are asymmetric. 

This introduces some computation problems, because asym- 
metric matrix processing is difficult to implement. You can deal 


(10) 
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with this asymmetry by using an independent variable as an in- 
dex for the elements multiplied by the sine coefficients. This 
index decreases while the other indexes increase; this behavior 
is called retrograde indexing. Bracewell gives descriptions of 
the FHT and FFT algonthms using matrix formalism (see refer- 
ence 5). 

You can obtain the inverse Hartley transform by applying the 
FHT algorithm again to its own output, thus regenerating the 
input data. This means that you can use the same program code 
to compute the transform and its inverse. However, there is a 
slight asymmetry between the FHT and its inverse. In the case 
of the time-to-frequency transform, you need to scale the result 
of the butterfly computation. That is, for an input data set of N 
elements, you must divide the output of the butterfly by N to 
obtain the discrete Hartley transform. 

You don’t need to do this for frequency-to-time transform; 
consequently, the butterfly computation itself constitutes the 
inverse transform. It is not difficult to add a small amount of 
code to control whether scaling should be applied during a 
conversion. 


Comparing the FFT and FHT Algorithms 

You can use the FHT algorithm for many of the applications for 
which you would now use the FFT algonthm. These include 
convolution and deconvolution (used to remove artifacts intro- 
duced into data by imperfections in the sensors), and the genera- 
tion of power spectra for filtering. You can also obtain the Fou- 
rier transform itself from the Hartley transform. In fact, it is 
often faster to generate the Fourier transform and power spec- 
trum with the FHT than with the FFT, because computing the 
butterfly using real rather than complex quantities requires 
fewer floating-point operations. You assemble the real and 
imaginary parts of the FFT at the end of the calculation using 
the equations 


F, = Нр) + N-P) 
and 
Fin = Њу) - H(N-f), 


where F, is the real portion of the complex Fourier transform, 
Fim is the imaginary portion, and № is the number of elements in 
the data set. 

You can calculate the power spectrum directly from the Hart- 
ley transform using the equation 


РАР = (НОУ + H(N-fY]/2, 


where P, is the power spectrum. 

The theorem for convolving a pair of functions is almost iden- 
lical, whether you are considering the Hartley transform or the 
Fourier transform. Again, the FHT should prove superior to the 
FFT in terms of speed for any given implementation. Equation 
(11) summarizes the theorem for the convolution for the Hartley 
transform. (12) for the Fourier transforms. 


Р AOS AO = AY PAA Sf) + НК РНР) 
ап 


Ahi fin = FF). 


The ® symbol denotes the convolution operation. 

The subscripts e and o in (11) denote the even and odd parts of 
the Hartley transform. Note that if one of the functions being 
convoluted is either even or odd, then the form of the convolu- 
tion theorem for the Hartley transform reduces to the particu- 
larly simple form indicated in (13): 


AOE ло = HADHA f). 


(11) 
(12) 


(13) 


In practical applications, many of the convolution functions 
are even. For example, the Gaussian function, used in image- 
enhancement work, is an even function. We can take advantage 
of the nature of these functions to use the computational shortcut 
provided by (13). 


Spectral Leakage 

Ав with the FFT algorithm, the ЕНТ algorithm will produce an 

erroneous frequency function if the data set to be transformed 

does not smoothly approach 0 at both ends of its range. Such 

spectral leakage is undesirable in many cases. You can reduce it 
continued 


Listing 1: Гле code fragment from һаг%1еу.рав that 
shows the complete Hartley transform as implemented in 
TML Pascal. 


Fast Hartley transform routine ... 
version 1.00, Dated 22nd November 1986, 


transform:= forward; Forward transform from 
time frequency domain. transform :- reverse; 
Reverse transform from frequency to time 
domain. 


power index: index to which 2 must be raised 
Lo generate a transform containing "зуге! 
elements: 

{Е syze = B then power index 

if syze = 16 then power іпдех 


datasize = 512; 


гүре 
direction type = (forward, reverse); 


data array type = array(l..datasize] of 
real; 


var 
dir, test option: char; 
і,1,зүге,ісег,дето: integer; 
data array: data array type; 
transform direction: direction type; 


procedure fht {var data array: data array суре; 
power index, 
syze: integer; 
transform:direction type); 


- 
ј, 
к, 
Lrg ind, 
trg inc, 


section, 

s start, 

s_end: integer; 

sne,csn: array[1..datasize] of real; 
accu: array[1..2,1..datasize] of real; 


conitnued 
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Permutation routine. This routine 
reorders the data before the butterly 
transform routine is called ... 


function permute (index: integer): integer; 
VAL 
i, jas: integer; 
begin 
j := 0; 
index := index - 1; 
for і := 1 to power index до 
begin 
S і= index div 2; 
j := 1% j + index - s = з; 
index := s; 
end; 
permute = j +1; 
епа; 


{ AM. eR тш ЫР GEM ‚шй шый ба чї dan EN GERA ЧИНЕ ЧИР ЧЕН "рн чың цыш шын чщр қын "шл ШЫР ШШЕ OUR ЧЫР "npn nn чый: фай) (Бер МЫ dem "іы НЕ МЕ «Ны 


Calculate the trigonometric functions 
required by the FHT and store values. 
Far а N point transform, the trigno- 
metric functlons will be calculated 

at intervals of Nths of a turn. 
——Á——— —————C———— € ) 


procedure trig table(npts: integer); 
const 
рі = 3.14159265; 
var 
i: integer; 
angle,omega: real; 
begin 
angle :- 0; 
omega := 2 * pi / npts; 
for i := 1 to npts do 
begin 
sne[i] := sintangle); 
csn[i] := cas(angle}; 
angle ;= angle + omega; 


Calculate the address of the retragrade 
index for the sine term for the dual 
place algorithm, if it is required . 


function modify (ромег, з start,s end, index: 
integer}: integer; 
begin 
if (s start = index) or (power < 3) then 
madify := index 
else 
modify :e s start + s end - index + 1; 


procedure butterfly(trig índ,i 1,14 2,1 3: 
integer); 
begin 
accu[t a,i 1] :- accu[f a,1 1] + 
accu[f£ a,i 2] * csnitrig ind] + 
accu[f a,1 3] * sne[trig ind]; 


continued 
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by multiplying the data set to be transformed by a suitable win- 
dow function before computing the transform. 

All these window functions cause the data to smoothly ap- 
proach 0 at the limits of its range. Stigall, Ziemer, and Hudec 
have reviewed the effects of these window functions on the 
power spectrum (see reference 6). 

If you're interested in some experimentation, I've provided a 
number of these window functions below. The triangular win- 
dow is a low-quality window function whose primary advantage 
is its speed. An example of its use is to filter noise from telem- 
etry signals in real time. 


Triangular window: 
Win) = 2(n--0.5yn, 
W(N—-n-1) = Win), 


wheren = 0,1, ...1,..., №2, 


The Hanning and Hamming windows feature better reduction 
in spectral leakage, but at the expense of speed. I've used these 
window functions to preprocess satellite image data before using 
the Hartley transform to correct the images for defects in the 
camera optics. 


Hanning window: Win) = 0.5(1—cos(2m(n--0.5)/N)), 
wheren -0,1,...1,.... М-1. 

Hamming window: Win) = 0.54 — 0.46(со5(2х(л +0.5)/N)), 
where 20,1, ...i,..., N- 1. 


The Blackman window is for data sets where the Hamming/ 
Hanning windows would not be suitable. 


Blackman window: W(n) = 0.42 — 0.5cos(2«(n--0.5y/ 
(N— 1», 


where п = 0,1, ...i,..., N— 1. 


You can find additional information about spectral window 
functions in the papers by Harris (see reference 7) and Nutall 
(see reference 8). 


The FHT program 

The demonstrator program hartley.pas described below com- 
putes the Hartley transform and inverse Hartley transform of an 
N-element data set, The program was originally written in 
Acornsoft ISO Pascal for the BBC Microcomputer, but few ma- 
chine-dependent Pascal extensions are used. 

The routine has also been successfully ported to a Prime 9975 
minicomputer, running Sheffield Pascal, and a Sun-3/160 
workstation running International Standard Organization level 0 
Pascal. 

Аз an example of just how easy it is to port the fast Hartley 
routine to other machines, I have included the code for hart- 
ley.pas as written in TML Pascal for the Macintosh. 

The hartley.pas program simply generates a suitable func- 
tion to be transformed and then calls the fht procedure twice. 
Thus, the program calculates both the Hartley transform and its 
inverse transform. The procedure fht is the major routine in the 
program. Listing 1 is a code fragment of hart1ley.pas that con- 
tains the fht procedure. 

The code within procedure fht complies with the ISO level | 
standard for Pascal, except thal the program uses the underscore 
character in variable names. Consequently, you can lift the pro- 

continued 
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trig ind := trig ind + syze div 2; 
accu[E a,1 2] :- accu[f a,1 1] + 
accu[f а, і 2] * csn[triq ind] + 
accu[f а,1 3] * sne[trig ind]; 
end; 


Maln program for the fast Hartley 
transform. 


trig баъ1е (зуге); 
for 1 := 1 to syze do ассо[(Ё a,permute(1)] 


data array[il; 


Start of the Hartley butterfly 
transform ... 


for i := 1 to power index do 
begin 
1 := 1; 
section :- 1; 
trg inc ге зуге div {power + power]; 
repeat 
trg ind :- 1; 
а start := section * power + 1; 
s end = {section + 1) * power; 
for k := 1 to power do 
begin 
butterfly(trg ind,j,j + power, 
modify (power,s start,s end, j 
+ рочег)); 
trg ind := trg ind + trg inc; 
4:- j +1: 
end; 
3 := ] + power; 
section := section + 2; 
until j > ayze; 
power := power + power; 


End of Hartley butterfly. The results are 
scaled ії necessary, and then placed in 
back into the array data ... 


case transform direction of 
forward: for і := 1 to зуге do 
data array[i] := 
accu[£ a,1] / зуге; 
reverse: for i :- l to syze do 
data аггау(і] := 


ассо(Ё a,l]; 
and; 
end; 
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cedure from the demonstration program and use it freely in your 
own applications, 

However, a brief description of fht and its embedded subpro- 
cedures may be useful if you'd like to experiment with the 
program. 

The procedure trig_table precalculates the trigonometric 
functions required by fht, For an input data set containing № 
elements, adjacent entries in this table are 2x/N radians apart. 
This precalculation of the trigonometric terms avoids redundant 
computations of these values if they are needed frequently dur- 
ing processing. 

The procedure permute bisects the input data set progres- 
sively until data pairs are reached. The algorithm given is 
adapted from one described by Bracewell, who has also de- 
scribed faster permutation routines (see reference 5) that you 
can substitute if you want. 

The procedure butterfly calculates the butterfly of a single 
index pair. This procedure requires three indexes to use as entry 
parameters. This takes into account the possibility of retrograde 
indexing for the data element multiplied by the sine factor. 
Where retrograde indexing is necessary, the procedure modify 
calculates the retrograde indexes used by the procedure 
butterfly. 

The main program of the fnt procedure first precalculates 
the trigonometric function tables and permutes the input data. 
The program then enters an iterative loop that computes the but- 
terfiy for the whole of the N-element input data set. You then 
scale the resulting output by a factor of N if you are computing 
the time-to-frequency transform. 

When you have to deal with the complex form of the fre- 
quency transform, you can obtain Fourier transform from the 
FHT algorithm by operating on the output data of the procedure 
fnt using the Pascal procedure get, FFT.pas, shown in listing 
2. By the time you exit from this procedure, the real and imagi- 
nary parts of the Fourier transform will be in the arrays. They 
are passed via the dummy conformant array variables r pt and 
і mt, respectively. 

А similar procedure in get риг.раз called get power. 
spectrum (shown in listing 3) allows you to obtain the power 
spectrum from the Hartley transform. At exit from this proce- 
dure, the power spectrum will be in the array passed to the pro- 
cedure via the dummy conformant array variable p sp. You can 
use both of the above procedures in applications programs 
without any modification. These procedures conform to the ISO 
level 1 standard of the Pascal language, and should be usable 
directly on any computer that supports an ISO level 1 Pascal 
compiler. 

The modifications required to compile these procedures with 
an ISO level 0 compiler are trivial. Basically, it is just a case of 
replacing ail the conformant array parameters ' procedure head- 
ers of get. fft and get power spectrum, with array param- 
eters of fixed size. 


Performance 

The BBC Microcomputer implementation of the FHT program 
has proved to be fast and is currently running on a 6502A-based 
BBC Microcomputer with a second add-on 3-MHz 6502 pro- 
cessor, which executes the program. This hardware can com- 
pute a 256-point transform in about 32 seconds. This compares 
favorably with the 2 minutes it took Bracewell's original imple- 
mentation of the FHT algorithm to accomplish a 256-point 
transform on an HP-85 system. You can expect even better per- 
formance from 16-bit microcomputers. 

Table 1 shows the timings for running the FHT program on 
the Macintosh Plus and Mac IT using TML Pascal and the Sun- 
3/ 160 workstation using [SO Pascal. 
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Table 1: Timings for the hartley.pas demonstrator program on several machines. For the Macintosh computers, TML 
Pascal version 2.50 was used, and times are to the nearest second. No 68881 coprocessor code was generated for the test, 
зо the Mac H's 68881 was not used. You can expect better times if you use the 68881. For comparison, the results of the 
same code compiled on a Sun-3/160 workstation using ISO Pascal are shown. Times are in seconds. 


Number Mac Plus Mac НІ Sun-3/180 Sun-3/180 
of points FPU not used FPU not used FPU not used 68881 FPU used 
2 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.02 0.00 
В 0.00 0.00 0.04 0.00 
16 1.00 0.00 0.08 0.02 
32 1.00 1.00 0.18 9.04 
64 2.00 1.06 Q.34 0.06 
128 6.00 2.00 0.70 0.08 
256 12.00 3.00 1.48 0.18 
512 27.00 6.00 3.60 0.40 


Listing 2: Pascal code to compute the Fourier 
rransform from the FHT algorithm. 


Procedure get FFT(var data: 
array[i0..h0:s int) of real; 

var г pt: array[ll..hl:s int) of real; 
var i pt: array[12..h2:5 int] of real; 
size: s inc): 

var 1: s int; 


і pt(i] :- data[i] - data[size - i + 1]; 
і {= i + 2; 

end; 

end; 


Note that you can attain very high speeds with the Sun work- 
station, with its combination of a 20-МНт 68020 processor, 
68881 floating-point coprocessor, and optimizing Pascal 
compiler. 


New Limits to Explore 

I hope this article has given you enough information to seriously 
consider using the Hartley transform for your signal processing 
needs. Since the transform uses only real functions, you don't 
need computationally expensive complex math to digitally filter 
or enhance a signal. 

The elimination of complex numbers also reduces the amount 
of memory required to process a signal. Finally, since the Hart- 
ley transform uses fewer operations to process a signal, you will 
have fewer roundoff errors. 

The FFT made a lot of what we call image processing possible 
by manipulating large amounts of data in a reasonable amount of 
time. The FHT offers better performance using less computational 
resources. With the same code you use to compute the trans- 
form, you can compute its inverse when necessary. It will be 
interesting to see what new uses will result from the expanded 
limits of processing that the Hartley transform provides. 8 


Editor's note: Source code listings that accompany this arti- 
сіе, hartley.pas, get FFT.pas, and getpwr.pas, are avail- 
able on BIX, on BYTEnet, on disk, and in the Quarterly Listings 
Supplement. See page 3. 
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Listing 3: Pascal code to compute the power spectrum 
from the FHT algorithm. 


procedure get power spectrum 
(var data: array[218..h8:s int] of real; 
var p ар: arrayíll..hl:s int] of real: 
size: s int): 
var 1: s int; 
begin 


begin 1 з= 1; 

і = 1; while i«size do 

while ісяіте do begin 

begin p sp(i] :- (data[1] * data[i] + 
г pt(i] :» data([i] + data(size ~ i + 1); data[size - і + 1} * 


data[size - 11) / 2: 
і = i + l; 
end; 
end: 
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Prepayment must accompany each insertion. VISA/MC Accepted. 


AD FORMAT: Each ad will be designed and typeset by BYTE. Advertisers must 


furnish typewritten copy. Ads can include headline (23 characters maximum), 
descriptive text (250 characters maximum), plus company name, address and 
telephone number. Do not send logos or camera-ready artwork. 


DEADLINE: Ad copy is due approximately 2 months prior to issue date. For ex- 


ample: March issue closes on January 7. Send your copy and payment to THE 
BUYER'S MART, BYTE magazine, 1 Phoenix Mill Lane, Peterborough, NH 03458. 
For more information call Mark Stone at BYTE 603-924-3754. 


PROTECT YOURSELF!!! 
Ergo-Vision™ Рия 2 Radiabon Filter with patented 
nickel mesh protects you from radiation, static, and 
gare. Reduces radiation by 90% +, 
electrostatic charge to 0 and eliminates glare 

| АП аз fitter $99. АлЭС! $39 
sh $3 Check/COD. Specity monitor manufacturer & 
model # Free catalog. 
Abelson Communications 
Oem B, РОВ (031, Бәскубе Centre, NY 11570 
518-766-7782 


Inquiry 551. 


FREE CATALOG 
Thousands of райх and new surpius electronic parts 
al super low pnces, FAST ORDER PROCESSING 
AND SHIPPING (95% of al orders stepped мал 
48 hours) 

CALL OR WRITE FOR A FREE CATALOG 
ALL ELECTRONICS CORPORATION 
РО Box 567 Van Nays. СА 91408-0557 


1-800-826-5432 
Inquiry 552. 


SOFTWARE PACKAGING, DISKS 
Cloth binders & sips kke IBMs. Vir bandas boxes, and 
loiders—many sizes. Disk pages, envelopes 5 labels. Low 
(йү enpnntng Buk & branded disks Much More! Low 
pnoes Fast service Сай or write for FREE CATALOG 


Anthropomorphic Systems Limited 
376-B East St. Chartes Road 
Lombard, IL 60148 


| | 1-800-DEAL-NOW (312) 629-5160 
| Inquiry 553. 


JOB PROTECTION 


BEST POWER TECHNOLOGY, INC. 
РО. Box 280, Necedah, Wi 54648 
їп Wis. (608) 585-7200 Ext, 8986 
(800) 356-5794 Ext. 8986 


Inquiry 554. 


RE-INK FABRIC RIBBONS 
ribbon using Ribbon inkers. Do пй 
ge Toons оста а rias ue ког Choose from 3 
| Manual E-Zae Inker — $39.50 


а ле 


ink Master (Electric) — $199.00 
3000 1 of канабай users in 5 years. Moneyback guarantees 


„Вола INDUSTRIES 


525 MAIN ST. JANESVILLE. 1А 50647 
1-800-553-2404 


Inquiry 555. 


| ACCESSORIES 


ACCESSORIES 


SELF-INKING PRINTER RIBBON 


Ente " Lu 
Cort ua by тай сте oF tater and vs edi {огол you а trochunre 


zr m^ PRINTOUT M DEVICES, INC. 
Baldwin На, 


(704) 884-9044 * TELEX. (FILMON-AREN) 577454 
Inquiry 556. 


CUSTOM CABLE ASSEMBLIES 
COMPETITIVE PRICING — 100% COMPUTER 
TESTED OEM'S & DEALERS WELCOME 
85232, ETHERNET. COAX, TWINAX. У35. OCTOPUS. 


PRODUCT RESOURCES INI INC. 
РО BOX 30497. HOUSTO 


US: 1-800-222-1537 FAM: 13-899 740 
ҮНЕМ DIAL *990634* LOCAL: 713-659-4416 


Inquiry 557. 


воа 

Letter size, 209, continuous paper computer forms, in- 
voices, statements, letinrheads, etc OFFSET PRINT. 
ING, AS LOW AS 00€ EA. Send/Fax (516-293-0113) the 
дгаһазапцлея, or direct feed Іп our computer 
(816-203-0163). WE SET THE PAGE FREE Free UPS 
shipment in 6 days. Matching envelopes same low price. 
For 2nd color, edd 02€ EA. NY residente add sales tax 
МСЛЛЕА, 8 А Exp. data. 


40 SARAH ОН • Е FARMINGDALE © NY a 11735 120 
5H-283-0110 


Inquiry 558. 


PC CABLES & ACCESSORIES! 


Signal Boosters, Surge 
LOW Direct Рпсез, SAME DAY Stupping А Satustaction 
GUARANTEED! 
Write or Call lor а FREE CAIALOG Today! 
Tipz Computer Accessories 
PO. Box 690, San Francisco, CA 94101-0690 
800-367-8479 оғ 415-626-4333 


Inquiry 559. 


POLAR FILTER 


тн 
UNLIMITED Computer Systems 
унн r^ ia Лг; ҮТ 


Inquiry 560. 


ACCESSORIES | 
GENIUS MOUSE W/DR. HALO 111 


Complete package inciudes: 

s Serial mouse А 
s Dr. Halo Iil software j 
е Menu maker 8 menu tibrary 


* Mouse pocket 
е Mouse pad & cutiing board іп one 
е Dealer inquiries welcome 
WELLEX CORP. 
44141 So. Geunmer Bied.. Fremoni, СА 94538 
(415) 490-3263 FAX: (416) 851-5047 


Inquiry 561. 


ARTIFICIAL INTELLIGENCE 


Neural Net + Compiler 
Netwurkz demos neural net finding nearest match 
input word to list of words. PL/O compiles Net- 


DAIR Computer Systems 
МАС kerre: Рас Ato CA WEO 
(415) 494-7081 


Inquiry 562. 


FamilyCare" Software 
Thus comprehensive medical diagnostic expert ayatem 
expensive, unnecessary trips to а prse by 
ing you quickly through posaible aymploms and 
ng you — directions lor medical care, home 
treatment, and medicabons. Inc! 
Kymptoms, injures, 
through teenagers. 
FamilyCare" Software 
Lundin Laboratores, Inc. 
29481 Greendetd Ad. Butte 6216. болеп ін 49074 
800/426-8426 or 213/580-4561 


Inquiry 563. 


muLiSP™-87 for MS-DOS 


Fast, compact, efficient LISP programming en- 
vironment. muLISP programs run 2 10 3 limes 
taster & take Уз to Уз Ihe space of other LISPs. 


& һер, demo programs, comprehensive manual. 


Soft Warehouse, Inc. 
3615 Harting Аме, Suit 505. Honolulu. Hi 96818 


(808) 734-5801 
Inquiry 564. 
AUTHORS 


AUTHORS WANTED 
BY NEW YORK PUBLISHER 


Leading subsidy book publisher seeks 
manuscripts of all types: fiction, non-fiction, 


poetry, scholarly and juvenile works, eic. New 
authors weicomed. Send tor free, illustrated 
40-page brochure H-1. 


Vantage Press 
516 W. 34 St, New York, NY 10001 
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| BAR CODE 


COMPUTER INSURANCE 


BAR CODE READERS 
For PC/XTIAT, and ALL PS/2 models—attaches as 

i 5 as data. External 

mounting via p а piena OR in short 
siot of PC, XT, АГ PC—$385. Р5/2, Kimtrom, 8 
232 models —$399. UPC/EAN, 2 of 5, Code 39. 
re қа m Badge Readers—Lasers too! 30 


M cpi p Data ia Solutions 


(9001 545-4220 Pih СА: (408) 458-9938 
Pamm ms Gg ad on cage ГІ) 


PRINT BAR CODES/BIG TEXT 
FROM YOUR PROGRAM 


Add bar codes ала Ее graphics taxi lo your program 

from где сі dBASE. BASIC. C. ec Ga codes UPC. EAN, 
Фо 5 Code 38 Epsor/ORVIBM dot matrix ursi up © 9” 
ao ee 5155-5239 30 бау 


Worthin ngton Data Solutions 


ANA bi Si. Santa Сш. СА 95060 


PRINT BAH CODES 
AND BIG TEXT 


your EPSON/BAUONMULaserUet printers 1" imi teri- 
каф беру Code 39. 2 ol 5, 128 MSI, UPC/EAN, MIL- 
STD, АПАЗ. MemeDriven Any format/size. 4 


simple programs for bar codes from $49 30 day $ back 
Worthin on Data Solutions 


өлді 
{800} 345-4220 tr a: (008 LI 458-9938 
Рамина ваз aw id on page 231 


BARCODE BARGAINS 
Buy direct and cave. We'll beat any written 
quotes for competing equivalem bar code 
readers or bar code label generation software. 
Call or write tor brochures. Quantity discounts, 
warranty, same day shipping. Bar codes are all 
we do at ITS. 

| 1950 ане Ew ьш СА - ТЕ 

(TH) ВЕ1-ТЇ?? Тиек 285718 ПЕСО UR 


Inquiry 565. 


BAR CODE MADE EASY 
PERCON' E Z-READEP" keyooerd eertaces and muleuser 


Two ушы 
scies enia еді бте Ма Ж. sacle tems OUR 
entry Suteureel masip GECOK 


PERCON* 
2190 W Ith SL. Eugene. ОН 97402 


(503) 344-1189 
Inquiry 566. 


READ & PRINT BAR CODES 
Fast, reliable data entry Into your programa as И 
from your keyboard. Internal unit for PC, XT, АТ 
PS/2.M30. RS-232 unit for DOS & Non-DOS 
systems (Incl. afl PS/2). Stainless steel wand and 
LASER Interfaces. Powerful Bar Code and Text 
ры 7] Selentin 
u clentitic та 
60! Univorsty yv Suite 1 UM CA 95825 
(916) 388-1778 
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BAR CODE READERS 


Solutions Engineering Sales 
8653 Georgia Ave. Silver Spnng. MD 20910 
800-635-6533 


Inquiry 567. 


DATA INPUT DEVICES 


AT&T, CT. Wyse. ‘Wang. All readers connect on the 
keyboard cable & are transparent to ай software. Low 
cost bar code ретті programs & magnetic encoders are 
also available GSA approved 


TPS Electronics 
4047 Transport. Palo Alto, CA 94303 


415-856-6833 Telex 371-9097 TPS PLA 
Inquiry 568. 


BAR CODE ERE 
Fur PC/XT/AT and 
cranking ied ubt wads by int sain. $240. АЛА 2 of 5, 
JAM/UPC E. Code 39, CODABAR wih 1 ye 


warranty. 
Ано АВ-2352С and СЕНТВОНК$ madals with chos of 


TRADE MATRIX of Silicon Valley 
3639 Занта Dr.. San Jose, СА 95148 


= 222-4229 Ext. 39, (408 


UNTANGLE TANGO 
ie nin rae dri are 
circuit design tools without the hardware locks 
Eliminate the wire mess, Operate without a printer, 
installs in minutes on current versions. $ 49 + 52 
S/H. Plotter drivers also available — Caicomp, 
ріп, etc $25 + $2 S/H. Ca add 796 sales (ах. 


Challenge Computer Consulting 
РО Bo» 52290 San іе СА 95153 


Inquiry 570. 


CADKEY 3-D CADD Software 


CADKEY 3 Reg: $3.196... ... HLB:$2,695 
CADKEY 1 Аво: $495. HLB:$425 


Сай or write today lor free catalog. 
VISAIMC/COD/POs accepted 


703-977-6520 


HLB Technology 
РО Box 527, Blue Flidge, УА 24064 


Try 571. 


COMMUNICATIONS 


MULTI-USER BBS (FOR IBM PC AT) 


TEAMate — а mainframe quality BBS. A mini Com- 
puServe. Full screen cursor-controlied interfa 


MMB Development Corporation 
1021 No. Sepuvens ӘУ. Sote K. Marrana Beach. СА 90066 


1-800-832-6022, In CA (213) 545-1455 
Inquiry 572. 


COMPUTERS + INSURANCE = SAFEWARE 
Cail toll free lor information 


COMPUTERS TAKEN TO SHOWS 
a COMPUTERS HELD FOR SALE 
• OTHERS COMPUTERS IN YOUR CABE 
SAFEWARE, 
The Insurance Agency inc. 
CALL TOLL FREE 1-800-848-3469 


Inquiry 573. 


CROSS ASSEMBLERS 


FASTER TMS32020/C25 
Macro Assembler 
only $49.95 
Ariel Corporation 
212-925-4155 


110 Greene Street, Suite 404 
New York, New York 10012 


Inquiry 574. 


CROSS ASSEMBLERS 
Universal Linker, Librarian 
Targets for 36 Microprocessors 
Hosts: PC/MS DOS, micro VAX, VAX 8000 
Developed and supported at: 
ENERTEC, INC. 

BOX 1312, Lansdale, PA 19446 
215-362-0966 MC/YISA 


Inquiry 575. 


8051 SIMULATOR 
Superb іші function debugger simulator $ 
ай 8051 modes of interrupt, just like piel 
Full disassembier and unique featured, 
ONLY $1 
CROSS ASSEMBLERS 
Рог ZBO, 8080/3085, 8048, 8051, and 8096 
still $7500 each! 
LEAR COM COMPANY 
2440 Konig S, Sure 208, Lakewood, CO &ü215 
(303) 232-2228 


Inquiry 576. 


CROSS ASSEMBLERS 
Macros, PC Compatible, Helocatable, Condi- 
tonais, Fast, Reliable... ....from $150 

also: Disassembiers 

EPROM Programmer Board 

MICROCOMPUTER TOOLS СО. 

Phone (800) 443-0779 

in CA (415) 825-4200 
912 Hastings Dr, Concord, СА 94518 


Inquiry 577. 


680X0 Cross Assembiers 


Inquiry 578. 


_ CROSS ASSEMBLERS 


ASSEMBLERS & TRANSLATORS 
Over 20 high quality, luii Iuncbon, last relocalabie and 
абәсійе macro ает ага avadabie immediately 
Source language Iranstators help you change 7ricrocom 


рога Cal for indo about MSDOS. СРМЯО, 1515 versions. 
RELMS" 
Р.О. Box 8718 
San Joss, California 95150 
(408) 356-1210 
TWX 910-379-0014 


Inquiry 579. 


_ DATA CONVERSION 


MEDIA CONVERSIONDATA TRANSLATION 


ші a straight dump or ASCH гала 


Word DBME, and Spreadsheet data on Disks 
of Tapes transterred directly into applications running on 
Maintrames, Minds, Micros, Dedicaied Word Processora, 


81 in Ihe translation industry! 


CompubData Translators, Inc. 
| 3325 Wilshire Blvd., Suite 1202, Los Angeles, СА 90010 


(213) 387-4477 
Inquiry 580. 
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DATA/DISK CONVERSIONS 


| CONVERSION SERVICES 
Convert any 9 track magnetic tape to or from over 
1000 formats including 342°, 544" 8° chsh formats & 
word processors. Disk 10 disk conversions also 
available. Call Kor more info. Introducing OCR Scan- 
ning 

Pivar Computing Services, Inc. 

165 Arlington Hgts. Rd., Dept #8 

Buffalo Grove, IL 60089 (312) 459-6010 


Inquiry 585. 
DATABASE MGMT. SYSTEMS| 


FREE FORM DATABASE! 
Full relational power; natural language 4GL inter- 
(асе; application generator; built-in text editor; 
spalling checker; form-doer, Store data without 
declarations or fixed siruciures. Handle simple 
commands to advanced dran with fuil data 
o Td security- (Price: DOS single-user 

) 
Logirex Software, Corp. un 
20883 Savena Creek Blvd , #330, Cupenino 
(408) 257-5203 


dBASE 11 COMPILERS - 


| DATA/DISK CONVERSIONS 


Get the Expertise You Мааа! 
Diak/Disk - Tape/Disk - OCA 
Over 1,000 formats! 315, 5*4, or B inch disks, 9 track 
mag lape. 10 MB Bernouli салткіуе Data base and 
word proceéesor tranglabon Specaksts m Govern 
meni Secunty Osta Call for tree consultabon 
Computer Conversions, Inc. 
9580 Black Min Ва, Ste J. San Diego, СА 92126 


(619) 693-1697 
Inquiry 581. 


DISK CONVERSIONS 

Media kansie to or from: IBM, Xerox, DEC, Wi 
Lanier, CPT, Micom, NBI, CT, also WP, WS, 
MS/WRD, DW3, ММ, Samre, DEC DX, MAS 11, | 
Xerox-Writer, ASCII. 


FREE TEST CONVERSION 


CONVERSION SPECIALISTS 
531 Main St, Ste. 835, Е! Segundo, СА 90245 


(213) 545-8551 (213) 322-6319 


Inquiry 582. 


DISK & TAPE CONVERSIONS 
AUTOMATICALLY 
SAVE TIME AND MONEY 


Over 1000 formats from Mini, Micro Mainframe, Word Pro- 
oessors, A Т. 
TAPE Conversions es low as $23.00 MB 
HEK Conversione ва iow as $25.00 рес Охан 

Сай or write TODAY for a cost saving quotation 

CREATIVE DATA SERVICES 

1210 W. Latimer Ave , Campbell, СА 85008 

(408) 858-6080 


Inquiry 583. 


IBM PC Atome HP. 


IBM PC to HP File Copy allows IBM POs, PIZ, com- 
patibles 10 read, write fos written by Hewlett Packard 
Series 70, 80, 200, 300, 1000, 9000'8. We offer custom 


work using our Ме copy utilities and program trans- 
tators on арена catalog, data aheet. 


Oswego Software 312/554-3587 
507 North Adams 51. Fax 312/554-3573 
Oswego, Illinois 60543 Telex 858-757 


Inquiry 584. 


FREE dBASE Ill + 


COMPILER DEMO DISK 
Dont buy Chpper™ until you see our FREE dBASE Com 
puer Evaluation Ки Includes DEMO DISK wih 8 PAGS 
and газы of comping wih Clipper Quxcestver & Fox- 
BASE + Also 15 benchmark tesis complete maganne 

eviews, and deta ed brochures about ай 3 compen 
FREE No o obligation. Сай 24 hours. 7 days 
dataBASE Specialties (415) 652-2790 


ЕО. Bax 2975, Oakland, СА 94418 


FREE DEMO DISK 


Steve Schwartz Technical Services 
1125 S. Oneida, Unit А, Denver, CO 80224 
303-759-4843 


Inquiry 586. 


dBASE GRAPHICS 


EASY dBASE GRAPHICS 
Wary of complicated graphing programs? 
Announcing dPICT. 
dPICT is expressly designed іо be easy Іп use. 
үре two эу Дас. БЕ m. зев 
r presen data. 
Pick one. That's ай $49.95 
Requires IBM PC or compatible. 


Paragon Tech 
1581 Galand Ave. usto. CA 92690 


Inquiry 587. 


| dBASE UTILITY 


RECOVER DAMAGED dBASE FILES 
We could give you all the technical data асл 
QuickFix-2, but the bottom line is: И recovers ail 
of the dala in the DOS directory. Requires DOS 2.0. 
Works with Clipper, dBASE ТІЛІМІ >, dBXL, and 
ҒохВАЗЕ» databases Special developer's release 


available. $29.00 plua $1.74 tax In California. 


HILCO Software 
11268 Barmen Манеу Аа, Sebastopol, СА 054720558 


(707) 828-5011 


Inquiry 588. 


DEMOS/TUTORIALS 


| INSTANT REPLAY Ill 
Cuaig Demos. Tutonais Preseniakors Ми. 
Tmed Keyboard Macros, and Manu Syslems Includes 
Screen Maker, Kayslroke/Tyne Editor, Program 
Memonzer, and Апат! Figc d Great Revews Smp 
у the BEST Nol copy protected No royaliae 80 day 
sausfacbor money back guar ІВМ and Compalb 

$149 95 US Cher Crd. Demo Diskette 58.00 


NOSTRADAMUS, INC. 
3191 South Valley Street. (sto 252) 
SaN Lake City, Шаһ 84109 (801) 487-9662 


Inquiry 588. 


DESKTOP PUBLISHING 


New! Award Maker Plus 
Macintoeh* ‚ІВМ , Tandy* , & MS-DOS* com- 
patibles. Print professional quality awards, cer- 
tificates, coupons, diplomas and more. Hundreds 
ol predesigned styles for all occasions, just enter 
text, select border, color and print. Includes special 
offer for Pin-teed parchment paper 
BAUDVILLE « 616-698-0988 • $49.95 
5380 52nd Street SE, Grand Rapids, MI 48508 


Inquiry 590. 


DISK DRIVES 


PS/2 DRIVES FOR PC's AT'a 
ComparniKiUPC — . ‘ $329 
CompatiKIt/AT — . $308 

Bullt-in floppy controllers—na problem. 

Supports multiple drives and formats. Lets your 

use ІВМ PS/2 1.4M diskettes pius тоға! 

Call tor further information or 10 place an order. 

VISA/MC/CODICHECK. 


Micro Solutions Computer Products 


132 W non Hwy DeKsn 160115 819758-3411 


MUN 591. 
DUPLICATION SERVICES 


SOFTWARE DUPLICATION 


SATISFACTION c. 
800-222-0490 NJ 201-462-7628 


MEGASorft 


РО Вы 719, festi, HJ 07728 See cur кі on pee 34 
Inquiry 592. 


SOFTWARE PRODUCTION 


ә Disk duplication * Warehousing 
Ф All formats а Drop shipping 
& ai a copy ә Fulfillment 
€ 48-hour delivery 

ә ет ОР ә Consultation & 
e Full packaging guidance 

59008 Star-Byte, Inc. 

713 W. Main St, Lansdale, PA 19448 

215-384-1200 800-243-1515 


Inquiry 593. 
ELECTRONIC PROJECT 


BUILD TALKING HOBOT! 
— Butid BERT € the Basic Educational Flobot Trainer 
— Featured in BYTE April & May г 87 
— Even в chid can program this ИШ Robot. bui 


— Сотрине Ки 
— For further informaiion send $1.00 for postaga А 


Vancouver, В.С Canada УВЕ 2У1 
Inquiry 594. 
APRIL 198$ = BYTE 303 


FRAMEWORK Il USERS 


FRAMEWORK II FRED DICTIONARY 
Automate: functions dictionary, 
—ineneciaia access lo в full screen function reference. 

filhering/menu 
Programs disk + manual booklet $39.95 inc. ah 


35” ада $200, req. "FRAMEWORK И" 
Not P serai # copy protected Send check or money order xxr 


M. FRANKEL 
189 FRANKLIN St. NY, NY 10013 


Inquiry 595. 
FLOW CHARTS 


„Ун CHARTING Н+ HELPS YOU! 


24 shapes — 95 ated. insi entry сі тома. bypasses А cor- 
пески Рам insert Ling. shrink screen dapteys 200-cotumn 
Chart, 40 column adii acreen Юг detai work, much more! 
PATTON & PATTON 
Bt Geet Она ВМО San Jose CA 96719 
1-800/872-3470, ext. 807 (CA residents) 
1-800/538-8157, ext. 897 (Outside CA) 
408/629-5044 (Outside the US A) 


Inquiry 596. 


STRUCT URED FLOW CHART 
SChart creates Nassi-Shneiderman (structured) 
елм нот а simple POL daline 
structures & text IM appear in the chari Easy 
tà cream, even вавюг W revise! Automatic chart siz 
ing. text centering. Translators from many 
languages avaiable. For Mac and IBM PC 


SILTRONIX, INC. 
1-800-637-4888 
Inquiry 597. 


HARDWARE | 
DISCOUNT CLONES 


* XT turbo — $434. 

= AT 810 MMr — $008 

* безне 97225 20048 Малі drive with conizoller — $309. 
Aia. 


в. 
+ НР Lasor Jet 5enes 1 — $1708. 
Automated Business Solutions 


516-379-3995 
JD uy попе? back guarantee е ! yr parts 8 abor serrerepe 
| Duser ingume Fred Patan сай kx complete once hat 


Inquiry 598. 


| CHIP CHECKER 
s FASA TTL. + CMOS » 8000 Nat. + Signetics 
| = 144000 CMOS Tr 
| * 4.24 Pin Chips 
Teste/ideniites over 850 digtal chips with ANY type 
of autput i seconds. Also (вещ popular RAM chupa IBM 
oompetible version £289. С128 + Сай version $154 
DUNE SYSTEMS 


2803 Willa Ос. 81. Josoph, МІ 40085 
(616) 983-2352 


Inquiry 599. 


New XT Turbo 
640K RAM, MonotGraphics е Multi ИО miciock-cal Bat 
backup г 2 Parallel, 2 Serial & 1 Game ports « 
ғ Monochrome Monitor & XTIAT keyboard * 
1 360K Floppy Drive and 
1 20 Meg Seagate Hard Drive 


One Year Factory Warranty —$122500 DOS inc. 
Teck hue АЛП 5% estes tan © Plus $3500 ah 
Phone 214 449 3523 
Ferris Computers 
PO Ba 27 Feta. TX 75125 Chr a МО = Casnur y Cha 
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_ HARDWARE 


87C51 PROG. $125.00 


The UPA 87С51 Programming Adapter ters you use 

your general purpose programmer to program the 
87С51. 875ІН. AMDS753H, 870252. and 87528Н 
Also ісің you program the 87051/8751H secunty bits 
and the 87С51 encryption array Нэ very simple and 
VERY сом effective 


LOGICAL SYSTEMS CORPORATION 
6184 Teall Station, Syracuse NY 13217 


(315) 478-0722 Telex 6715617 LOGS 
Inquiry 600. 


EDUCATIONAL COMPUTER $99 
А 0802 based SHC for academic use. ћ includes ВХ 
ROM, 2K RAM, two parallel ports, seria роп, tufi- 
featured monii, help screen, assembler and 

in ROM, expansion bus. Free PC com- 
patibia terminal program and aam. +5 volt power 
32" x 4B" Manual included 
MICRO BOARD DESIGNS 
Мигати, NY 14221 
Tee een 


Inquiry 601. 


NEW/USED APPLES & STUFF 
MACINTOSH — Call 
Apple Parts — Call 
Mac accessories—hard drives Call 
We buy, вай & horsetrade — Appie, IGM 
SHREVE SYSTEMS 
2421 Maicom St., Shreveport, LA 71108 
315-865-6743 4-9 p.m. • FAX-318-B65-2006 
метаболита whipa CST-VISA/MC 


Inquiry 602. 


HARDWARE/ADD-ONS 


External 5% for the PS/2 
54” External ave for the РБ/2 Models 25, 30, 50, 60 A 00. 
Ріда into an existing alot in the PSA and runs ой the com- 
puter's тыта power supply. The 525 EXTRA alkes tha PS2 
ю маа. white and formas standard ЗВОКВ daka as the cam- 
puen 78” drive. Inciudes everything io Degn working night 


Delkin Devices U.S.A. 
4855 Саза SI. Sis ЖИ San Diego. CA 92109 
(619) 273-8086 


Inquiry 603. 


PC RELAY CARD 


8 FORM C RELAYS 
8 Isolated relay outputs on а short siot configured 
IAM PC UO card. Relays socketed. Contact rating 
4\А @ 025 A. 
Price: $150 Delivery: Stock 

ULTRALINK 

PO Box 1809. Мтдеп NV 89423 

1-800-852-6273 702-782-9758 


Inquiry 604. 


2807 / HD64180/CP/M" CO-PROCESSORS 
Plug 


1772А Picasso Ave., Davis, СА 95616 
See our міл оп page 316 


Inquiry 605. 


HARDWARE COPROCESSOR | 


ATIFORCE RISC SYSTEM 
Replace Bit-Silee Technology 


S-MIPS IBMJAT coprocessor and software system with 
Semiconductor Forth 


new Force Core тот Harris 

mized RISC Engine Core Set 

standard сей chips: Core, Interrupt Controller, 1-cycle 
Multiptier, and 2 Stack Controllers. Forth 

language inchided $4995. 


SILICON COMPOSERS (415 ane ia 
210 California Ave., Suite К, Palo 


Inquiry 606. 


PC poteri EE 


wich окос. доа hugh level Forth in alcon. Each PC4000 s a 
general purpose parallel coprocessoar thal dehe speeds in 
the 5107 MIPS range омы a 100 times lage than а РС. 
uses Forth, C or Assembler From $1295. 


SILICON COMPOSERS (415) 322-8763 
210 California Ave.. Suite K, Palo Alto, СА 94306 


Inquiry 607. 
|. HYPERTEXT 


BLACK MAGIC 


Hypertext Word Processor 
Hypertext allows you to link pieces of information 
naturally, е BLACK MAGIC does this 1л a | 
WYSIWYG environment, integrating graphics and 
text ® А Link Structure Map allows you to quickly 
navigate апу document. е Otsinbute documents 
with Public Domain Runtime. » Only $150. 

NTERGAID (203) 368-0632 

955 Соғысқа Avg. Bnógepon. CT 06607 


ақысы 608. 
INFORMATION 


The Tables of ERP 


The “Economic of the President" has 
concise tables of tha major economic indicators 
(GNP, Employment, Inflation, Population and 
much more.) The Tables of the 1988 Report are 
now avaliable on disk in (CAL, WKS, CSV, or TXT) 
lormais tor (PC or МАС or most CP/M)—$29.95 


FAIRFACTS 


Вок 536 San fiae СА 94015 
Tet. 415-485-1781 


Inquiry 609. 
| LAPTOP COMPUTERS 


LAPTOP SPECIALS 


Zenith а Toshiba * 
е AFFORDABLE 5%” or 3%" Ж... UNITS 
FOR LAPTOPS & DESKTOPS » DICONIX 
PRINTERS * 1200 & 2400 BAUD MODEMS (lor 
LAPTOPS) • Fast delivery 4 reliable friendly service 

Сай lor low pricing. 
COMPUTER OPTIONS UNLIMITED 
201-469-7678 (7 Days. ВАМ-ӘРМ Eastem time} 


Inquiry 610. 


P-LIN K 
юе име laptop computer with елу ЖМ 


than a DOS серу command! Only 

Cable and both Ta” and $s" disks, БОН" owners can track 
т Ку only $88.95 wo cable 

ылары Som Software, Inc. 
19310 Nort Bothell WA 98011 
1-800-343-8080 war Om 483-8086 


Inquiry 611. 


LEGAL — 


DESIGNED FOR LEGAL WORK 
The SoftWars" Substantive System. "This 
could save a law office 30% — 45% of the 
time to process pleadings.” Brief, 9/87. 


Version 33 $159. Free brochure. 
TSC 
The Software Company 
РО. Box 872687, Wasilla, AK 99687 
(907) 745-8267 


Inquiry 612. 


MEMORY CHIPS 


MEMORY CHIPS 
4125520 Cal 

аныз 
| 4190412 

41128 Piggy Back for AT 

A112 (бака 

414244 (298654) 

2704 27128 272548 77812 

Presa subject io change 


ESSKAY vina a 
Inquiry 613. 


MISCELLANEOUS 


WHY PAY RETAIL PRICES? 


prices. Free trial membership! For more 
information: 
| THE ULTIMATE BUYER'S SOURCE 
308 Crocker 840941-A M. Clarmans, Mi 48046 
1-800-327-4226 


Inquiry 614. 


OPTICAL SCANNING 


STOP TYPING! 
ОСА SERVICE BUREAU == We Scan KVETITTHINO 
Priviousy Prid Material 


a [meoices в Booka а Documents * Prone Buts 


Phototypesetting & Printing = Day & Night Senece 
DATASCA 
f Мона Tracks Су New York NY 10048 (212) 938-5727 


Inquiry 615. 


PROGRAMMER'S TOOLS 


FINITE STATE COMPILERS | 
Develop complex software programs in minutes 

| instead of hours Tha COMPEDITOR forms 

| source Finite State programs in: ADA, C, 
FORTRAN and PASCAL. 

| IBM PC, XT. AT, Р9/2 176K RAM Dos 20+ 
Price: $175.00 per compiler (With Primer) 
AYECO 5025 Nassau Circle, Odando 
INCORPORATED FL 32808 (305) 295-0930 


Inquiry 616. 


Affordable CASE 
А new concept in Computer Aided Engineer- 
ing for developing PC/DOS applications! C 
Dispatcher generates last, efficiant C code Юг 
command and menu driven applications. 


Develop, document, and change easily. Many 
features. For many compilers. 
АтагуШз Inc. 
56J Worlaquadec Ac. Boten, МА (1740 
(617) 385-5458 


Inquiry 617. 


THE BUYER’S MART 


PROGRAMMER'S TOOLS 


| TLIB™ 4.0 Version Control 


The best gets better! They loved ТЫЙ 30. "packed with 
features...{does дейаз! amazingly fast. .@s- 


$99.95 + ] i 
BURTON SYSTEMS SOFTWARE | 
PO Boa 4156 Cary, NC 27518 (918) 489-3088 | 


Inquiry 618. 


ХАСТ-16С PROGRAMMER 
Complete RAM-Flesident emulation of tha Hewlett- 
Packard 16C Programmer's Calculator. Binary, hex, 
decimal, octal and float modes. AND, ОН, ХОН, 
&hilt, mask and more. Sea BYTE "What's New", 
Jan. '88 pp. 88 for details. $49.95. PC/XT/AT, 30 day 
money back guarantee. VISA/MC. 


CALCTECH, INC. 
13629 Bellevue-Redmond Rd #202, Вейетие, WA 96005 
(208) 643-1882 


Inquiry 619. 


TurboGeometry Library 


(Source & Manual) 
Turbo Pascal, C, Mac, & Microsoft C. Over 150 2 А 3 dunen- 
оғы routes including: Intersections, Transiormations, 
Equations, Hidden Li 


eee Br a 
р отр.). 
VISA/MC 


$9095 
Disk Software, Inc. 


2116 E. Arapaho #487, Richardson, TX THII 
(214) 423-7288 


Inquiry 620. 


AMADEUS AND MODULA-2 
For better 


your 
complete manual. Oniy $395! Free demo disk available 


ID NOUVELLES SA 
CP 877. 1001 LAUSANNE. SWITZEFILAND 


Inquiry 621. 


Modula-2 


EmsStorage № ап advanced momory manager for М2 
Detects and uses LIM expanded memory if present, or ы | 
DOS memory il not: your programs use EMS, but don’! 


4538 ЗЕ 50h, Portland, OR 97206 
(503) 777-8844; TLX: 6502891013 


Inquiry 622. 


Disassemble MPU OBJECT CODE on your PC 
Relocalabie, symbohc disassemblers are now available 
ку the Motorola. Intel, ACA, ТІ, Rockwell, & йод meros 
Automahc label generation, assembly capahikty and 
much more. Call and ask for whal you nged 

RELMS" 

PO. Вох 6719 

San Jose, California 96150 


(408) 356-1210 
TW 810-378-0014 (BOO) 448-4880 


Inquiry 623. 


| PROGRAMMER'S TOOLS 


Intelligent Front End 
З years in development, Сайа Чех revolutionizes data arn- 
iry and lle Conversion. Captures raw data lasiet, easier, moro 
accurately ihan any software, Al techniques speed ormat- | 


Tools & Techniq 
1620 W. там St, Aumin, TX 
(512) 482-0824 MC/VISVCOD 


Inquiry 624. 
PUBLIC DOMAIN 


$3.00 SOFTWARE FOR IBM PC 
Hundreds to choose from, wordprocessors, 
databases, spreadsheets, games, x-rated, lotto, 
communications, business, music, bible, art, 
education, language and useful utilities for mak- 
ing your computer easier lo learn, Most programs 
have documentation оп the disk. 
Write for your FREE catalog today! 


BEST BITS & BYTES 


PO Baa 8746 Dept В. Van Nuys. СА 91409 


Inquiry 625. 


FINEST PUBLIC DOMAIN COLLECTION 
FROM AROUND THE WORLD 

Себу $2 SOlagk with тыну programs. “1! you caet find in, you can 

use 4” Thu а ау why vet тыйа Ma diak слінодие wit? search 

program. ts much маг than gong through a hard сору of oe 

400 pages. So. ORDER the caialogus NOW! И coms БЕ 90 only 

You ww ганы run out OF good someare again Send US 5590 lo 


EXECUTIVE MARKETING SERVICES 


By VISAALAC, cages суыр десі лізли, name carínumcer 4 ғар мет | 


Inquiry 626. 


RENT SOFTWARE $1/DISK 
Нет Public Domain and User Su 
for $1 per diskfull of we'll \ 


le, С-64, 8 
АЛИС. 24 hr. 


FutureSystems 
Box 3040 (T), Vi&ta, CA 92083 
office: 10-6 PST Mon:Sat. 


Inquiry 627. 


QUALITY SOFTWARE IBM/COMPATIBLES 

Сын а Word Processor, Spreadsheet, Database, 

Money Manager and 5 arcade games plus our 

10,000 program catalog for ONLY $10.00 (4 g/h) 
800-882-1992 (National) 
800-992-1993 (Ca only) 

619-942-9998 (Foreign) 
VISA. MC, AMEX Accepted. (COD + 190) 
The International Software Library 


511-104 Encmitas Bid., Encinitas, CA 02024 
Inquiry 828. 


FREE SOFTWARE 
The PUBLIC DOMAIN USERS GROUP provides public do- 
main softwere for ІВМ, CPA, CP & C-126 computers. POUG 
ia one of the oldest (es. 1982) А largeat (over 10000 members 
worldwide) users groups 
SPECIAL OFFER—Send $10 and recen not only ouf T year 


тньтізетініг but also our һен member disk tree (comnis 
21 great programa). Or for mora indo. send a SASE (әрестіу 
computat) K 


PUBLIC DOMAIN USERS GROUP 
PO Bos 1442 BM Cenangepark. FL 320857 
804-284-3512 (ORDER LINE) 


Inquiry 629. 


APRIL 1988 • BYTE 305 


THE BUYER'S MART 


SOFTWARE/DISK LABELING 


SOFTWARE/BUSINESS 


| SECURITY 


BIT-LOCK* SECURITY 
Ріғасұ SURVIVAL 5 YEARS proves effectiveness 
of powertu! multiiayered security. Rapid decryption 
algorithms. Fieliablao/small port rransparent security 
device. PARALLEL or SERIAL port. Countdown 
and timeout options also avallable. KEY-LOK™ 
security al about 1/2 BIT-LOCK сон 


MICROCOMPUTER APPLICATIONS 
7805 S. Windemere Circle, Littleton, CO B0120 
303) 922-8410 or 798-7683 


Inquiry 630. 
SOFTWARE/ACCOUNTING 


dBASE BUSINESS TOOLS 
" Genera! Ledger * Purch ОгаЛпутіогу 
* Accounts Вәсуін * Accounts Payable 
* Order Entry * Job Costing 
* Salsa Analysis * Job Estimating 
599 EA. + s&n wdBASE 2, 3 œw 3+ SOURCE CODE 


dATAMAR SYSTEMS ` Сі. Crdf/Chk/COD 
4876-8 Santa Monica Ave 
San Drago, CA 9217 (619) 223-3344 


Inquiry 631. 


SOFTWARE/AI 


Learn Al Fast 
il'then" із в book and a disk of Lotus spreadsheets. 
"А marvelous litte Al training package 
you'll find it an excellent tutorial, . 
this product ів a ти" 


Ezra Shapiro. 
BYTE. Aug. 87. p 263 
Нлһеп ig only $68.95 


iffthen Solutions 
| Mallorca Very, #3018 SF, CA 94123 415-246-5448 
ісің bd ті 2 ene, Қ) icr eg М А 55 амынын 


Inquiry 632. 


YOUR OWN EXPERT SYSTEM 
MicroExpert, an afiordabio expert system shell, аном 
you (beginner or programmer) to see how a system 
works as you build И yourself. Software includes tutorial 
кх design of knowledge base and creation of rules. 
Source code provided 
ІВМ РС: 852109-2 Apple Il: B52110-6 
$49.95 


McGraw-Hill Book Com mpany 
РО Box 400. Hightstown, NJ МУ 
1-800-2-MCGRLA 


Inquiry 633. 


SOFTWARE/ARCHITECTURE | 


NATURAL 3-D NAVIGATION 

Ш 3 Vanishing Points Navigator: Great help for ал- 
ists & architects. Navigalor provides rapid moving 
nalura views and (he capability lor unusual 
slamed rotation. The perspective сап also be 
suppressed or enhanced. $449.95 + $4.00 БАН 
(may cha without notice.) 

è Require IBM PC or co tibl {258К up) 

бето-йак $700 + $100 S&H (Version 20) 


b -Coding S КАТА, Inc. 


5 rp) Р: 25 ранк 
oho mila 


ч. ^ 
Inquiry 634. 


Қ SOFTWARE/BASIC 


XGRAF DRAWS IN BASIC! 
FINALLY! ХОВАР replaces QuickBASiC's poor 
drawing commands with assembly language calls 
that work on Hercules, EGA, YGA, CGA and EEGA 


screens. Only $9900 + $400 SAH. Call us а | 
1-800-423-3400 (8:00 AM 1а 8:00 PM EST} 


KOMPUTERWERK, INC. 
851 Parkview Blvd., Pittsburgh, РА 15215 
For info., сай (412) 782-0384 


Inquiry 635. 


35 ВҮТЕ” APRIL 1988 


DATA ENTRY SYSTEM | 


Heads down data entry with two-pass verdication lor 

Ihe PC/XT/AT А compatibles Loaded wth іваіигеѕ 

lke. Auto dup 5 вир, чепу bypass, range checks, 

5 lable lookups. Fully manu dnven only $395 
Сай for tree 30 Gay inai period 


COMPUTER KEYES 
21929 Makah Rd., Woodway, WA 98020 
(208) 776-8443 


Inquiry 636. 


LP88-SPREADSHEET LP 
seing 


&prascaneer 


Senpiex SAL поро pone 
snahyss [ENews says. “The бауну and features of the pro 
стат яла в Сагда al із low Once” $149 wih 8087 suppor 
and tO page manual $29 for working demo and manual 


EASTERN SOFTWARE PRODUCTS, INC. 
fO Gos 15128 Aexandéa. УА 22300 (703) 340-7900 


Inquiry 637. 


dFELLER Invento 
Busness nen programa write n 


Sour 
dFELLER inventory $150.00 
Asqures dBASE И or № PC DOGACPM 


Orders 
Heures dBASE Ill or dBASE Ш Plus (For Stockrourtre) 
Feller Associates 
550 CR РРА, Route 3 Ishpeming МІ 49849 
(996) 486-8024 


Inquiry 638. 


BATCH DATA ENTRY ON THE IBM PC 
dePC emulates operational features of standard key- 
ю-к keypunches, and has many other features, Data 
ін stored on diskette and uploaded to host using third- 
рату file transfer software. 


s dePC is FAST! 

nd chaque or menor 
company РО. ТЫНЫ еі 
Single Сору $49 69 Summerhill Ave. 


Зав License 5190 Canad 
Or write lor hee ínlormation ger tap nin 


Inquiry 839. 


SOFTWARE/CHURCH | 


PowerChurch Plus? 
| Рая, friendly, reliable church administration 
system. Full fund accounting, malling lists. 


membership, coninbutions, attendance, word | 


processing, accts. payable, payroll, multi-user 
suppon, and тий ra more - ali for $695 com- 
plete FREE demo version. 


F1 SOFTWARE 
PO. Box 3096, Beverly Hills, CA 90212 
213) 854-086 


Inquiry 640. 


ROMAR CHURCH SYSTEMS" 
Marmberghq-51 бат plus aerae accirmmepes би ішпегі 
героев any ЗЫ DO eng 256 ба орфог реке 
жетг, соя ю 255шуг Finance-gen ledger wbudoet up 
to 500 subiptais & 98 deps . month & YTO reports anyome lor 
any mach Ajendance — B месе Une. 250 events per ver 


мәсе, БА conmecuboe wegkg. Avedgbia tor hoppy, ЗУ & hard 
dek Асі too short Yine іш keu 4B poe (ә 


Ha xis. ems, Attn: BJB 
art, IN 46514 


(219) 262-2188 
Inquiry 641. 


SOFTWARE/DISK LABELING 
"Diskette Labelar" 
Makes professional labeís lor 5.25 disks on your poner with 
combinalbian ol 23 character Tite, 120 File Names, 10 lines 
of BO character Comments, and comple Suis. inciodes sot- 
ware, manua, 240 color labels (60 ex. of 4 colors] with per- 
manent adhesive For IBM & compatibles with IBM/Epson 
compatible dol тігім рена. 
WeedPatch Productions, Inc. 
Box 718, Hockessin, DE 19707 
(800) 451-0474 (302) 239-9268 


Inquiry 642. 


SOFTWARE/EDUCATION 


PRIVATE LESSONS" 
The combined Ішіп, game-maker & knowledge 
base ihat grows with you. Makes learning any sub- 
ject tun. Gives time, grade & recommendations. 
Stresses difficult questions. Inciudes tester/editor, 
2 games & sample Chemisiry DOS lessona. 
849.95! VISA-MASTERCARD 

CORBIN Software 
800 Industrial Circe, White Cty, OR 07503 
503-828-8737 


Inquiry 643. 
| SOFTWARE/ENGINEERING 


Affordable Engineering Software 
FREE APPLICATION GUIDE & CATALOG 
Сисий Analysis » Root Locus ® Thermal Analysis е 
Plotler Drivers » Engineanng Graphics * Signal Pro- 
ceang = ActvelPassive Filler Desgn а Transter 
Funcuon/FFT Analysis * Loge Semulatnon а Mero- 
anp Design ж PC/MSDOS в Macniosh = VISAIMC 
Accepted. 


BV Engineering * (714) 781-0252 
2023 Chicago Аме, Им 8:13 Piverside СА 939111 


Inquiry 644. 


PROFESSIONAL SOLUTIONS 
FOR PCs and MS-DOS | 
DEFLECTION CF BEAMS СЕ UNIFORM OH VARIABLE 
CROSS SECTION (not an FÉ-progr amy. ЗЗанайси у digr- 
minae problems & сотінтиоца Башта 
SIMPLE OR MULTIPLE SHAINK-FITS: Shrinkage pressures, 
вігенлея, formonal holding ариу ela. 

HEHTZ Pressure betwren bodies 
MICROMIN* — Software 
Dan Siem PO Bos 144, Manned OK T4044 
Recorded Message (800) 3202072 өзі 5728 


Inquiry 645. 


STRUCTURAL ANALYSIS 
MICROSAFE: Inexpensive, easy to learn and use 
Finite Element Analysis for ІВМ PCs and com- 
patibies. Up to 400 nodes, 600 beams, 500 plates. 
Graphics. 2-0. $75, 3-0: $120, Both: 5160, 
Overseas add $20. Evaluation copies. NOT COPY: 
PROTECTED. Ask lor brochure 


MICROSTRESS Corp. (Dep. BM1) 
10950 Forest Ave. 5., Seattle, WA 38179-3205 
(206) 772-0508 


Inquiry 648. 


SIMULATION WITH GPSS/PC" 
GPSS/PC" ts an ІНМ persona! computer implementa- 
on of Ihe popular mainfrarme simulation language 
GPSS. Graphics, animation and ап extremely interac- 
tive environrnent allow a totally new view of your sifnula- 
Hons. Simulale complex real-world systema wilh tha 
most interactive and visual yet economical simulation 

| soliwara. 


MINUTEMAN Software 


PO Вох "ТҮ Stow Зарас обн US 


617) 897-5662 ext. 540 (B00) 223-1430 i 540 
Inquiry 647. 


SOFTWARE/ENGINEERING | 


Circuit Analysis — SPICE 
Non-inear DC А Transient; Lmear АС. 
в Version 381 with BSIM, GaAs, JFET, 
MOSFET, БЫТ, diodes. atc. models, screen 
graphics, improved speed and convergence. 


* PC Version 2G6 available at $95. 
Call, write, ог check inquiry # for more infa. 


Northern Valley Software 
28327 Roltwock Ги, Rancho Palos Verdes, СА 00274 
(213) 541-3877 


inquiry 648. 


FREE ENGINEERING MAGAZINE 
Personal Engineering Is а monthly magazine sent 
free of charge (USA only) to scientists/engineera 
who use PCa for technical applications. Topics 
each month include Instrumentation е Data 

* Design Automation. To receive a 
ime sampe issue and qualification form either cir- 
cle below or send request on letterhead to: 


Personal Engineering Communications 
Bo» 1821 Brookkne МА 02148 


Inquiry 649. 


EC-Ace ANALOG CIRCUIT ANALYSIS 
You can afford to ge! started with EC-Ace, в subam of 
the powerful ЕСА-2 circull simulator Includes al ihe 
basics and built-in ew d 


Call 313-563-8810 for FREE DEMO. 


Tatum Labe, inc. 
HOB Mark Тавыл Сі. Ann Abor MI 48103 


Inquiry 650. 
SOFTWARE/FINANCIAL | 


THE FINANCIAL PLANNER 
AS EASY АЗ "АТМ" 

Your Bank's Auto. Teller Machine А THE FINANCIAL 
PLANNER hræ a Ісі іп common. NEW Menu driven | 
program ұй easy ta use Manual. = Balance Checkbook, 
Prepare Budget, Financial Statement, Loan Amortiza- 
bon Schedule & more * $8095 —OUR PRICE —$59.95 
+ 52 S/H РА 6% TX Apple lic, Це. Поз. ІВМ PC ог 
Compatible. CK/MCIVISA 

SOFTECH IND., INC. — 717-584-5191 

Box 117A, Пері B456, Hughewilis. РА 17737 


Inquiry 651. 
SOFTWARE/FORECAST 


FORECAST PRO 
An excellent forecasting package that usas artificial in- 
teilipence to heip both Ihe beginner and the experienced 
forecaster achieve lop-ncich гейша. Time senes 
analysis techniques include exponential smoothing, 
Вох-јепипа, & dynamic regreasion. 


CALL NOW FOR A FREE DEMO DISK! 


Business Forecast Systems, Inc. 
68 Leonard Street, Belmont, МА 02178 
817) 484-5050 TELEX #710-3201382 


Inquiry 652. 
о SOFTWARE/FORTRAN 


FORTRAN 77 Extension 

EXTEND subroutines for MS, НМ, ІВМ Pro omy 
пеге to comroi k , monitor, text & pu 

S hie & directory operations, елігі & запа 
ШО Plus user graphics for CGA, 
HP7475A, ТЕК 4010, AutoCAD OXF А s sava ы 
Both 8087 & поп В087 libraries pkod for $149. 
„лу ү VISAJMCIPOI/CHK. 

esign Decisions, inc. 


PO. Box Я ы, А: uM 15241 
412) 941 


Inquiry 653. 


THE BUYER’S MART 


PLAY LIVE CHESS via MODEMI 


| on IEM" or clone Requires CGA, EGA, VGA or Hercules" 
L modem) 


Numerous ой-іле study aids « Send 
number + $3495 (Ck or МО) To: 


TELE-CHESS PRODUCTS Dept C 
PO Box 53548. Louie, КҮ 40205 
Spec; graphics, modem. 157 or 525” dais 


SOFTWARE/GENERAL 


WOULD YOU LIKE TO KNOW? 
| Your 1.0.7 Memory Level? Response Time? 
Coordination? Visual Perception? 
Expand your mind mth MENTOR" —sottware that lets 
axe | 


you lore 
2510$. incl. 
= CGA/EG 


Мо shipping charge to anywhere in the world 
Heuristic Research, inc. 
3112-A Wes Cuthbert Ae., Midland, TX 7W/01 
800-443-7360 Пп TX, collect 815-694-5934) 


Inquiry 854. 


SOFTWARE/GEOLOGICAL 


FREE CATALOG! 
Geological And scientific software Tor all applica- 
tionis: log plotting, gridding/contouring, hydrology. 
digitizing, 3-D sallid modelling, synthetic 
seisrnogram, kacua analysis, image processing, 
scout ticket manager, aver 50 programs in catalog. 
Macintosh too! 

RockWare, Inc. 
7195 W. 30th Aw., Denver, CO 80215 USA 
(303) 238-9113 


Inquiry 655. 
| SOFTWARE/GRAPHICS 


PC TECHNICAL GRAPHICS 
ТЕКМАЯ is а graphics library for the EGA or Tecmar 
Graphics Masser Similar to PLETE. includes WINDOW, 
VIEWPORT, AXIS. Support for НР, HI plotiers. Curve 
fitting. complete plotting program. Log, semi-og, multi- 
axis, 3-0, contours. Jerry Pournelle (Aug 85 Byte): “As 
good as any | have ever seen.“ Demo disks, inerature 


available. 
Advanced Systems Consultants 
21115 Devonshire St. #329, Chatswonh, СА 91311 
(818) 407-1059 


Inquiry 656. 


FPLOT PEN PLOTTER EMULATOR 


HORIZON SOFTWARE 
Surte 905, 2-18 Зиктмеу @1., Айова, NY 11103 
212-418-8469 


Inquiry 657. 


GRAPHICS PAINTER SUPPORT 
AY LAST) Use the PriSc кеу ю make qualdy асан 
B&W or color reproductions of your display on any 
dot matra, пк, or laser printer GRAFPLUS sup 
ports all veraons of PC or MS-DOS with IAM (ind 
EGA, VGA), Tecmar and Hercules graptwcs boards 


$4995. 
Jeweli Technologies, Inc. 
4740 dih Ave. SW, Seatiie, WA 99116 


800-628-2828 x 527 (206) 937-1081 | 
Inquiry 658. 


SOFTWARE/GRAPHICS 


FORTRAN PROGRAMMER? 
кран марка BERN NM NEP DH 

СЯАРМАПС: screen талуы 5136. 

PLOTMATIC. plotter driver а 

PRINTMATKZ: printer driver ras. 

For tha SHEEP АТ & compaubies. We support a 
wanety of compders, graphics bas, рига and printers. 
MICROCOMPATIBLES 
30) Prelude Or, бері B, Sive Spring. MD 20901 USA 
(301) 693-0483 


Inquiry 659. 


MAPIT 
Make your own MAPSII 
Simple to produce maps wih your data 
Includes mos! country and state outlines 


Any printer or HP plotter. 
Only 595 Ісі MS-DOS or PC-DOS 
US County Outlines available for $95. 


QSC Box 778, East Lansing, MI 48826 
(517) 641-4428 


Inquiry 660. 


CGA —^ Hercules" Graphics 
Mode-MGA" allows you W use business graphics, games, 
BASICA graphics and other CGA specific sofware with your 
Hercules” Monochrome Graphics adaptor and monochrome 
pP dia ж 
for Ње ЗАТЗА version. 30-day money back quarantes. Сай 


or witha: 
Т.В.$.Р. Inc. 
2265 Westwood Bivd., Suite 793, Los Angeles. СА 80064 
(213) 242-0154 


Inquiry 861. 
SOFTWARE/INVESTMENT 


MUTUAL FUND INVESTORS | 
The myw Балача Weah Mutual Fund Scorshomrct Гунун 
имти enormous power GE your BM or coe Poo вес: 
гй end compere virtually every equity and foe come тайм 
а vn лы еі 
ра lg E s 
1-800-553-3878 (In bnon cab 1312-250 9202) 


Business Week Mutual Fund 
Scoreboard Diskettes 
РО. Вах 621, Elk Grove, iL 60009 


Inquiry 662. 


SOFTWARE/LANGUAGES 


SERIES 32000 MODULA-2 COMPILER 
Habra Витаси сағы A000 tery of maaa and Medus һөт 


ALOIS SCHONBACHLER , 
sein àt- ‘aos 


Inquiry 663. 


THE PL/M CONNECTION 
+ Your ілі с the IBM РС inm PLM 88 
Witte ames—Craaio umm. 
Build caion sysiama 
* Compite gysiem interiace lloraries 
* Dos !. Dos 2. Dos 3 Bios. Graphics 


7841 Balboa Are., 51а 210, San Diego, СА 
(619) 571-0228 


Inquiry 664. 
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SOFTWARE/LANGUAGES 


DRUMA FORTH-83 


Siid 83 STANDARD, for in house usa. No 
64K limitation 64K speed А compacinass ію 220K. 


* ІВМ PC/XT/AT & compatibles, DOS 2.0 

s ROM. Headerless code, separated 

• Editor, assemblar, file & DOS іпівгінсаз 

s On-line documentation & many other features 

е Full Package $79., S&H SA/MC 
DRUMA FORTH-83, DRUMA INC. 

6446 Hwy. 290E, Suhe E-103, Austin, TX 78723 
Orders: 512-323-0403 BBosrd: 512-323-2402 


Inquiry 655. 


Did you know that Prospero Sottware makes programming 
environments using GEM? Well, they doi Vi have both Pascal 
and Fortran свиту GEM for the Мал ST and MS-DOS 
machines Both versions an ANSI and intemutionaly 
уай. 


Pro Pascal with GEM д #14Р.00 and 
Pro Fortran with GEM ip $199.00 


To order: сай 1-800-327-6730 (VISA/MC) ot med your check 
$149 or £199, pius $5.00 shipping to: 


Prospero Software, Inc. 
100 Commercial Bt, Была 306, Portland, ME 04901 


Inquiry 666. 


MULTI-USER ardor ia d PLATFORM 


For compie rulti-user solutions, сані us ксі 


THEOS Software Corp. 
1777 Bohay Ch Suin 360 Walrad Crew, СА 04590 


1415] 935-1118 FAM (415) 935-177 


Inquiry 667. 


БОҒТУ/АНЕЛ АБЕН FONTS | 


LaserJet Fonts 
FASTIom downioads 4-10 limes faster — EASY! MS- 
db. Jue (by tithe) А 

or in groups. 
— $79. Also GiGiont — 8 fonts in sizes trom 10 pia ta 
158 pts. (2 inches) — рн from апу word processor — 
easy commands. 30 day $$ back. 

Worthin ngton Data Solutions 
ТА | Sana Cruz. СА 95080 
(800) al v іп СА: as 458-9938 

ош ad оп page 231 


Electrosonics 
36380 Garten #1, Fraser М! 48026 


800/858-8448, 313/791-0770. 
Inquiry 668. 


SOFTWARE/MAPS 


PC MAPPING SOFTWARE 
Mapinfo software can: 
For denis кі» аты такса АШЫН 
e Find adresase you type 


Кы com doy rus МР 
* Color or алада boundanes 
» Cost oniy $750 Maps also gvaliable 
Mapinfo Corp. 
200 Broadway., Troy, NY 12180 
1-00-FASTM AP in Nem York, (818) 274-8673 


Inquiry 669. 
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THE BUYER’S MART 


SOFTWARE/MATHEMATICS 


What? You've never seen 
a complex function? 


Try fíz) - Tha Comptex Variables Graphing 
Package for PC's wih ССАЈЕСА 


“Let our animated screens show you what 
the printed page cannol." 


Lascaux Graphics 


Inquiry 670. 
|. SOFTWARE/MUSIC 


MUSIC SOFTWARE CATALOG! 
Just published! Our new Musician's Music Software 
Catalog and H'a belter һал ever! Over ВО pages of 
detaited information on the leading MIDI software pro- 
grams, interíaces, and accessories—everything for the 


modern musician. Send $3 for а 2-year catalog | 


eubscriplion including SALEI updates. 
Digital Arts & Technologies 


Dem BT: РО Box 11. Mion CT 
203-874-9080 


Inquiry 671. 


SOFTWARE/PRINTER 


PRINTER GENIUS 
Powerlul memory resident printer — Con- 
trol printer features from menus or within documents 
Pe adea] s Pets At рка пик 

чин — Edit small dd Redirect - m 
y Pop-up screens — 
Preset for all printers — Completety Йехі беде — PC 
DOS — $69 + $4 SHH — VISA/MC 


Nor Software пс. 
527 3rd Ave, Sude 150. New York. NY 10046 


(212) 213-9118 


Inquiry 672. 


SOFTWARE/RESEARCH 


REFBASE"—VERSION 2.0 
REFERENCE MANAGEMENT SYSTEM 


ж Boolean search ol sli neica including abstracts 


a Append text files trom on-line searching 
a IOM" PC and Macinioah™ versions 
а Compas system $150/Demo $5—MC/VISA/PO 


DateChi (402) 553-4333 


p Corporation 
5824 Pierce Street, Omaha, NE 68108 


Inquiry 673. 


| SOFTWARE/SCIENTIFIC 


| РС"! 
Data у= чыны Ыы dri С'в 


c 
Рк. 


Alligator Technologies — (714) 850-9084 
РО Bax 11388 Costa Мева, СА 92627 


Inquiry 674. 


NONLINEAR DYNAMICS 
Tools for Studying Mathematical and Ехрелтелігі Systems 


Equaton Soes * Әйлтлікт | 


* Опбгиғу ares Doly Diforeriai 
Diagrams ` 2- m a ға Sequeraat Magmicaton. 
Poncant Sectors. * Maxmum, 1-0 & Сяо Maps 


* Phases Portrats wh pp ілі Condon " Seach a 
Analysis, Fractal Oernermona, (уйлау Exponent 
05.1 $250 00 DSi 52% 5350 00 
DYNAMICAL SYSTEMS, INC. 
Р.О. Box 35241, Tucson, AZ 65740, 602-825-1331 


Inquiry 675. 


PC MS- | 


SOFTWARE/SCIENTIFIC 


ORDINARY/PARTIAL 
DIFFERENTIAL EQN 
SOLVER 
FOR THE iBM PC & COMPATIBLES 


MICROCOMPATIBLES INC. 
901 Prelude Dr., Sitver Spring, MD 20901 


(301) 593-0683 
Inquiry 676. 


SCI-GRAF and SCKDATA | 
supports log эскіз err bara 


SCI-DATA pertorms least squares and norma! curve fite, 
scaling end polar coordinate Iraesiormabiong 
Pricas start at $5995. 
Microcomputer Systems Consultants 
Box 747, Santa Barbara, CA 93102 


(805) 983-3412 
inquiry 677. 


Scientific/Engineering/Graphics Libreries 
Turbo & Lig Pascal, Modula-2, C 
Sand tor FREE па сі solrware tools Кы Gean- 
tists and Engineers. Includes: Screntific sutroutine 
libraries, devices independent graphics Погагна {in- 
cluding EGA. HP plotter and Lasorjet support), SCHi- 
Ше спалу libranas, 3-0 plotting ibrary, data acquis- 
Шол libraries, Men u-driven process control software. Ver- 
iona available for а variety of popular languages. 

Quinn-Curtis 
49 Highland Ave., Needham, МА 02194 


Inquiry 678. 
SOFTWARE/SORT | 


OPT-TECH SORT/MERGE | 
Ехігетеіу (ast Sor/Mexge/Select uly Aun as an 
MS-DOS command or CALL as а subroubne. Sup 
ports most languages and filetypes inducing Bineve 
and dBASE Unimed flesizes, mudiple keys and 
much more! MS-DOS $149. XENIX $249. 


(702) 588-3737 


Opt-Tech Data Processing 
РО. Box 678 - Zephyr Cove, NV 89448 


Inquiry 679. 


SOFTWARE/TOOLS 


DISK CACHE 


Accelerme ХТ сх AT PERFORMANCE with FLASHBACK Deak 
Cache FLASHBACK auiomatically retains recently access- 
ed disk data and neighboring data in memory fos immediate 
&ccess. Programa are instantty réineved and run up in 10 
times lester! 319.95 + 32 Б/Н, 60 day $ back 
Спека. 


aep designs, inc. 
14810 M Мал Si, Рпоетик А? 85022 
(602) 863-2861 


Inquiry 680. 


ADVERTISE YOUR 
COMPUTER PRODUCTS HEHE 


for as little as $375 in 
THE BUYER'S MART 


For more information call 
Mark Stone at BYTE 


603-924-3754 


Inquiry 681. 


ИШЕ: 5 “i _ STATISTICS | 


STATA 

| graphics join to make STATA the 
most powerful package for the PC. No comparable 

program is as fast, friendly. and accurate. $20 

Demo. Quantity discount available. Call toll-free tor 


more information. AX/VISA/MC. 


1-800-5ТАТАКС 


mputing Resource Center 


penc ational Boulevard, Los Angeles, СА 90064 


Inquiry 682. 


THE SURVEY SYSTEM 
An easy louse packaga desgned specfically lor 
data, Produces banner formal, cross 
tabs & related tables, satses (incl regresson) & oar 
chats Codes and reports answers 10 open-end 
questione. Ай reports are camera-ready for profes- 
sonal presentations CRT intervewing option 
CREATIVE RESEARCH SYSTEMS 
15 Lone Oak Ctr, бері В, Petaluma, СА 94052 
707-765-1001 


Inquiry 683. 


NUMBER CRUNCHER STAT SYS 
Menu-dnven Мширю А stepwise regression, 
АМСМА, ime senas, discnminant Custer and lector 
Bnaysis principal components. scatter plots, 
һийосгагпуя, t-tests, contingency tables, norn- 
paramartics impo ахрой dala Spreadsheet, воп, 
кип, тагда 398 MS-DOS Graphics program $69. 
NCSS-B 
855 East 400 North, Kaysville, UT 84037 
801-546-0445 


Inquiry 684. 


STATISTIX™ Il 
Comprehensive, powerful and incrediity sasy-to- 
use Ful screen editor, e >>! linear 
models (ANOVA, regression, logit, РСА, ріс), 
АЯМА, most standard stat procedures. Clear, well 
organized documentation. Satistaciion guaranteed. 
$169 PC DOS, 599 Apple 11. 


NH ANALYTICAL SOFTWARE 
PO Вох 13204, Roseville, MN 55113 


TAXES—RECEIPTS SUMMARIES 
Emer business or personal tan receipts » Get 
Hiatings^ummaries/archived files +» Enter your own 
deduciion sets (up to 40) * Enter your бит account 
names lor deduction set (up 10 9) = Tax Receipt 
files, Updated any existing hle, Archive files to fop- 
py, List А Summanze data by accountkiata deduction, 
(кроме, amount, datepd). MSDOS IBM or compati- 
bla $49.85. Call or write: (505) $85-4015 


J. McCollum inc. 
5310 Seeatreere У/ту Oanard СА 83016 


Inquiry 686. 


THE BUYER'S MART 


UTILITIES 


PERSONAL POP-UP 
Create and acosss your own Joerg ^b ms reference 
and help files with the KeyNotes* Reference System. 
the KayNotes "window" and retum ra the primary | 
application with aingle keystrokes. Compatible with all | 
popular programs. For IBM PC and compatibles. $90.95 
* $5.00 shipping 


№ order, call or write: 
Digital Learning Systems 
4 Century Dr, Parsippany, NJ 07054 


Driscoll Graphics 
135 E. Church. РО. Вох 625 
Clinton, MI 40236 


Inquiry 689. 


MATCH PRINTERS TO PC 


Marha Prei асире mos porters lo PCPS? ana сотұмбелеа Үйіп 
тый (Әсет Ore gui ma Қ extend ION АБС charac $01 on 
,8 Germen. Haken. Saadah Groth. air 


гра. ҰМЫ lot academi ANd срела 
Pep $5095 & $2 ЗАН Cats секин aco 099. baidi Us 
МОСТ 


MATCH SOFTWARE 


ба26 Coktwagter Canyon, Noth Hollywood. СА 91605-13 
Toll free # 1 (800) FLOPPYO 


Inquiry 690. 


Copy 
TION’ ONLY £79484 ВИН VISA/MC/COO UPS ВЛА 


oe COMPUTERS 
Carlos, CA 94070 


ardet i 1 
415-593-8777 (СА) 212-334-1858 (МҮ) 


TELEX EZLNK 62873089 Dealer inquines invited 
Inquiry 691. 


Recover deleted files fast! 
| Ok Explorer now moucdes autormahc tie recovery You 
| type n Ihe deleted Мез name, Отк Explorer finds and 
resiores £ Disk Explorer also shows whal's realy ол Саи, 
vie, uri rbi s apes ar 
change data n any sector MS-DOS 
card welcome 


QUAID sept Sethe tg tn Ae LIMITED 
45 Charias St. E. 3rd 
Toronto, Ontario, Canada e 152 
(416) 961-8243 


| UTILITIES | 


HANDS OFF THE PROGRAM* 
- оска Hard Disk. - Restricts Floppy Use. 
- Protects 
- Norma Use ot DOS Commands and Applicatión Software: 
e у-ү Hn 
- DOS V20 and Higher. Hard Disk System. 
~ Keep Other People's HANDS OFF Your Syatem 
- 029.95 VISA/MC 


SYSTEM CONSULTING, INC. 
314 Canterbury Dr. Pittsburgh, РА 15238 
(412) 963-1624 


Inquiry 692. 


WORD PROCESSING 


FARSI / GREEK / ARABIC / RUSSIAN 


European, Scandinavian, кре Pun- 


bdd for laser; $19 demo S/H in US. incl'd. feg РС. 6406, 
graphics 30 dey Guarantee MC/VISAJAME X 
GAMMA PRODUCTIONS, INC. 


710 Wilshire Aid.. Suna 609, Santa Monca, СА 90401 
213/294-29622 The: 5108008273 Gamma Pro SNM 


Inquiry 693. 


Comparehite" 
CompareFite saves aditing time Dy comparing two 
documents and generaling a Ihird that shows Ihe dil- 
ferences in an average of Two seconds per page. Com- 
psreRite h»ghlights changes the way you wort to see 
them. Yorks with ali major word processing р 

Prica — $129.95 + shipping/handling 


JURISoft, Inc. 
ТЕЗ Massachusetts Ae, Сар 11, Cambridge, MA 02139 
1-800-262-5856 ext. 11 
їп MÀ — 817-884-6151 exi. 11 


Inquiry 694. 


DuangJan 1.3 
Bilingual word processor for English and one of 
these: Armenian, Bengali, ЕигоЛ біп, Greek, Hindi, 
Khmer, Lao, Russian, Tamil, Telugu, Thai, Viet, 

, OF create your own language with font editor. 
$89 $4 ah («$10 for) LaserJet +349. Demo $5. 
IBM compatibles. 
MegaChomp Company 
3524 Corman Avenue РАМОСНИСГЬВ РА 19149 1606 
(215) 331-2748/8138 


inquiry 695. 


PC-Write” Shareware Ver. 2.71 
Fasi, full featured word processortext editor lor IBM 
PC. With spell check, screen clip, mailmerge, split 
screen, ASCII files, macros. Exsy to ива. Supports 
400 printers - LaserJet-- and PostScript. 6, 
User Guide, and Tutorial on 2 disks for $16. Try it, 
then register with us for only $89 and gat User 
Manual, 1 tele-support, newsletter and 2 
upgrades. guarantee. VISA/MC. | 
Quicksoft 1-800-888-8088 CALL TODAY! 

219 First N., #224-BYTC, Seattle, МА 98109 


Inquiry 696, 


Advertise your computer products for 
as little as $375 in THE BUYER'S МАНТ 


For more information call 
Mark Stone at BYTE 603-924-3754 


Inquiry 687. 
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= Mail-Order Electronics 


ORDER HOTLINE ALL OTHER INQUIRIES 


415-592-8097 415-592-8121 


MEC VRO A VO: 2695 


Replace Фе 00 BOLD in Your "S aus 
T 22 SMPOIFY Prec. Samme 4 Но Am 
UPD70108-5 Oum --Ұ Y ark cr) rir dl ke 
UPD70108-B (амн) V20Chip.....$ 8.95 МАХ232СРЕ cfi uiis д 
UPD70108-10 (10мн2) V20 Chip. ... $21.95 LMJOSP parator. | 


6118P-1 16K CMOS SAAM (100%) 255 


UPD70116-B BMHz) ¥30 Ch 11.95 99 
UPO70116-10 (OMe) V0 Chip... | 12495 99 27128-45 12BKEPROM(45Ons)21V 496 
ЕЕЕ 452 495 7418812 Memory Mapper, Tri-State — 19.06 
i ____ — 1.60 = ИТ. тї E =; | БЕК <= 
Pert Mo Peri No. 179 a | М ым. 0 #2. a м | 
NE. . a та . 496 кыш Pari Мо. Price | Part Мо. Price 
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EM ag | 0540107 ~ 2764825 6192к8 (250na 125V... 395 | 33801803 10.95 = r, "ақ dE T-12) 49 
Кеміс d = и nad 2764-45 8199 х8 (450га) 21V 295 СМАТ с c: 28| 78157 (.М3407-15) 40 
Әсі 49 | Солбзо 65 27С64-56 8102 х8 (150) 21У (CMOS, вла | 318019-03.. . 10.95 a др T тосек ILMIO0K-5) 135 
ae 6 | Солт ° ^" dí 27120-20 16384 ха (200m) 21V 895 | 318020-04 .. 1095 MC1372p T Bp ii э 
cone? em | i 2% | 27128-25 16426446 (250ға) 21У 495 o 131 i - 
Соло m cp » 27128А-25 16.384 x 8 (250ла) 1255 7 525 | 325302-01 1095 ЕЕ —11.- p „© 
— ач »9 27С128-28 10394 и В (240) 21V (CMOS) 096 | 325572.01 t4.95 ane ЫЫ Аы, CIE 
P a | EHE. ab 27266-20 — 3278828 (200ға) 125У 696 ы 
D me Z5 79 | 2225625 — 32т68х8 (25078) 125V ..... &gs | 782510001 А” . 15.95 — ete gru 
Саба? “а | СОаваз 49s | С45628 32.708 x B (25009) 125V (CMOS). 796 | 901225-0) 11.95 See eee | 
= so | CO SEA 79 27512-20 | 64536 x8 (200n$) 125V . 1340 Low Profile Wire Wrap [Gokd) Laval 43 
CDU = s Жы. 27512-25 06536х8 (250na) 125V 1195 | 901226-01 1195 ALP ul eww "0 
E aq pcd prm :3 68764 8192 x8 (450га) 25V . 1395 | 901227-03 11.95 LT 12 | www 55 
CO4006 t = DI 4% thea - 901 05 . * БЫР 13 tA #0 
COET 129 | СІМ е --------- Иқан 229-05. . . 
CO40609 25 | СО45ва 20 20164 2048 «В (35079) 5V Reac/Vwüe 595 1195 Е = ра м 
CD4070 25 | С04585 26 2817А 2048 х8 (350nw) 5\/ Reed Wite . 795 “Ма specs зима FT СА е: $3 
CUO4071. ^ 25| MOC34A110P. ,. 895 2055A 8192x8 (25Опа) 5 V Asad Virtu «n “tote 823) 00PL A ones 
CD4072 | 25 | C1 4400P .. 445 $2813 (219) 2048 = А (250га) 5V Anad Only 149 91710-64) байдагтай Standard (см à Ти & Render Pg Backuns Ане кейш 


SORIES IN STOCK! - CALL FOR QUANTITY DISCOUNTS 
PARTIAL LISTING - OVER 4000 COMPONENTS AND ACCES RIES ү 
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Now Available... Jameco's NEW Winter/Spring Flyer #136 
with 48 pages of Computer Peripherals, Components & мене ! 


PROTOTYPING PRODUCTS 


Jameco Solderless 
Breadboard Sockets 
2 


Dim. 

Е эм" 
Gx * 
Ju х 2% 
A x 13а 
64 x 2% 
B9 x Ja 
Gry x 4% 
8% x 54 
Te x Tt 


Jameco's 
IBM PC/XT/AT 
Compatible 
Motherboards 


JE1000 а.ғғыњ |рС/ХТ).....% 84.85 
JE1001 4.77/BMHz (PC/XT} . ... $ 99.95 
МЕ1002 аттг1оын>у{рсухту... $119.95 


JE1007 алагтолт2Мнт (57) .... $349.95 
Jameco 


Computer | 
Power mer 
Protection =з 

ЈЕ1190 Powe Buse......... 529.95 
JE1191 воине Power Strip ... . $11.95 


JE1192 300 watt Back-Up. . . . $269.95 
JE1193 500 мен Back-up. ... $349.95 


Zuckerboard 
TANDY 1000 


30Mag Hard Disk Drive Board for Tandy Т000, 
100DA, 10008X, 1200, 3000 ала 3000HL 


30M9 Hard Disk dis 
Boer. ,.-.-».» 


TIOMB . $599.95 


250843 intei Місготунетт ноф Sel (87). ... $24.95 


MUFFIN/SPRITE-STYLE FANS | 


FG&G Rotron 12 125" square, 14 chm) 


U.S. Funds Оліу 


Shipping: Add 5% plus $1.50 Insurance 


(May vary according to weight) 
California Residents. 
Add 6%, 642% or 7% 

Saies Tax 


FAX 415-592-2503 
4/88 


MasterCard 
М. 


NEW! Turbo 10MHz PC/XT Compatible KH! 
FREE! Word Processing Software! /New! Compact Case 


Jameco's 4.77/10MHz Turbo 


оа а. ІВМ PC/XT Compatible Ki 


JE 1058... 
(EGA Morndor and 
Сага гий inciuded) 


321014 


1015 
JE1021 


JE1031 

JE1043 

4164-150 

41258-156 

50464-15 $ 

N "laa w $627.98 
SAVE $128.03! 
JE1006 IBM PC/XT Comp. 10MHz Turbo Kit . . $499.95 
IBM COMPATIBLE DISPLAY MONITORS 


12" Amber Monochrome — 
TTL Input, High Resolution (PC/XT/AT) 


AMBER..... 5400.95 $99.95 
14" RGB Color — CGA Compatible 


| Amber/Green/Colcr Switchable, 640 x 


200 Rasolution (РС/ЖТҒАТ) 


14" EGA Color - EGA/CGA Compal, 720 x 350 (тах resolution (PC/XT/AT) 

TE5154. . Wo BH HB NH * F MH " 9 B H H W M H H MN FP H "M т + B ш чч T NU" - $399. 95 
14" To Color — CGA/EGA/PGC/VGA Compatible, BOO x 560 (тах) 

Rasolution (PCAXT/AT) 

4375М........................... 5578-95 5549.85 


IBM PC/XT/AT COMPATIBLE CARDS 


^ JE1059 
EGA Card 
and Monitor ,% 


Graphic 
Display 
Cards 


JE1050 


JE1052 саю Graphics Сага w/Printer Port (РС/ХТ/АП.,..... $49.95 


EGA Card wrih 256K Video RAM 


JE1055 вла Printer Рой i(PC/XT/AT. ............... $1489.95 
Mull OQ wilh Drive Controller 


JE1071 and Mono Graphics IPC/XTI $119.95 
Multifunction, ИО and Expansion Cards 


МО Card with Serial, Game, Parallel Printer 
ЈЕ1060 Роч and Real Time Clock (PC/XTI 
JE1061 AS232 Sena! Най Card (PC/XT/AT) 
UO Card with Serial, E and 
JE1065 Parallel Printer Port (AT). 
Expand to 384K (inci. UT UT бана. 

МЕ1078 бате Parallel Printer Рой & Real Time Clock {РС/ХТ). . $78.95 
Floppy and Hard Disk Controller Cards 
JE1040  360KB Floppy Disk Drive Controller Card {РС/ХТ). . . . $29.85 

JE1041 9 20/408 нага Disk Controller Card ІРС/ХТ) 

JE1043  3504/720K/1 2MB Floppy Disk Cont Card (РС/ХТ/АТ $49.95 
20K/1.2MB Floppy/Hard Disk 

JE1045 АТ $159.95 


$20 Minimum Order 
ДЫМ dy а regictersod edema od lematen Busiecon Moe 


Mail Order Electronica - Workiwide 


ameco 


ELECTRONICS 


ВН 


ERROR s 


Mau Order Electronica Workhwide 


ameco 


COMPUTER PERIPHERALS 


p 20,30, 
40 and 60MB 
Half Height 
_ Hard Disk 
Drives 
ET225K (Pictured) 
20MB Orire omy [IPC/XT/AT). .... $259.95 
20MB w/Controller (PRT). ans 
МВ бете only IPC/XT/AT) 
SOME w/Conl, (PC/KT/AT) 
2048. Drive only ([PC/AXT/AT) 


BOMO Drive only IPC/XT/AT) 
SOMO w/ConL Card (АТ) 


& AT Compatible 
Disk Drives 


== ni 


JE1020 350 biach al. pmo 89.95 
JE1021 звж паса н (PETAT) . 
ЈЕ1022 1тыв весе бі [Ат 


Datatronics 
2400/1 2907 300 Modems 


file · Вай 103/212А com- | 


patible: Дита Ши Шо 
angwer + FCS aomoved 
1-9 л acura 
Мада Gomewnicalion 
Softwara 


aen $ FEBS 
2400712007200 internat Modem. ... $174.95 
ee Msn: «e MUN 
7400/1200/300 Extemal Modem .... $218.95 


Prometheus 12008 Internal Macam 


РМ1200В-28 (Sotwareinci}. 14093-95 $119.95 


Jameco Extended 80-Column 
Card for Apple fle 


. word 
nüroceasing - Complete wih | 
iar oti 


JE864 $39.95 
ADD12 sos $99.95 
TEST EQUIPMENT 


Kingdom and Metex 
Digital Multimeters 


* Aucdibile cootmurty eater | 
“Тана ACDC you Fesi- | 
bance and Cantu 
“Сун War Warranty 
"Әсе AS'L к 2^N а ҰН 


KD302 .. $27.95 


M4630: 
* Handhala hgh Босы ву 


т, 7UL x ds Wa tH 


№4650 . . $79.95 


Data Sheets — 50€ each 
Prices Subject to Change 


Send $1.00 Postage for a 
FREE 1988 CATALOG 


Telex: 176043 
61888 Jameéco Electronics 


1355 SHOREWAY RD., BELMONT, СА 94002 - FOR ORDERS ONLY 415-592-8097 • ALL OTHER INQUIRIES 415-592-8121 | 
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ене” BUS Computer Systems, Inc. 


BUS 88 


640K 8 MHz 
10 МІН: Optional 
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Fonsi AM АТА dile = ВАА ИМ ыш Бен! 
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FD Шлам Wee Ша fees 

11 эне ror Fath тины f akwi кіз) Ғыл- 

Zh 72-Манет Марсе фаз Prrd 

т Қ.А for Га r digan Dede 

Th «ыр | ы ьн ч на EY] АТ ПМЕ. I Paar kit атт 

ІЧ Метт ыға Tripler rarr a VISA ичет" AE * md 
mt Wire Габ 


30-D 
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На 
29 Prince 54. 
Нн пе, МӘНІ» 


1-.800-15 1-22 


VH 
“9 
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ТІЛІП”! 


BUS 88 w/20MB & | Floppy 
Seagate ST-225, 65M5 ... . 8900 


Ази Wountain. (X 


4) F- Менимча ІҮгізг, “əй 206 


TECH НЕГР: (212) 627-98 


52 


IWLA enum лл VLA Lard ЫМ Оны 
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19 
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& 80 Charmin a 23 1 ore 
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17 Yes 1% Debe Sinia майлы» 


Taipei, Diwan 
ВЭБ 2 756-4244 
12061 LACAL | 


Taipei 
432 Кетіпті Ad.. Sec. 1, Suite 410 
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ы eh ee = 
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BUS 286 BUS 386 


Өне MEGAbyte 
10 MHz “6” Wait 
12 МН:/16 МН: Optional 


1100 
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4 РЬШ. i am ші», "T БІН» |ы» 
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4i Ins, РГ. ГР, ЕЛЕ Bake. Neve. Кема. luis 

1% ВЕ. ete: Bia |8 Bi Fos В. Ш 
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BUS 286 Systems ... $1700 
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Minicenter/2nd floppy not included. 
Price subject to change without notice. 
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Circle 204 on Reader Service Card 


BUS PORTABLES 
“88/286/386 


SPECIFICATIONS 8/10/16 MHz 
gue cene 10/12/20 MHz Optional 


9. Threr Half Height [rive Skata 


3. Rairfneced Aluminum Frame 

4. 200 Watt 110/220 VAL Power Supply i 

5, T Expansion Shot Available к 
6. 84 Кеу» = П.Е.» Гог CAP, Num and Srroli Lack i: 


2, Eswdarged Return and ЗЫЛ Keys 
B. чилтен Гайне a ыб МГ Роње Tactile | 
. a i - 


F 
9. Power Lock Kry Installed 
10. Contest Adjusting Knob Inatalked Bi s 
ү: e amr Knob пале «і 
В ӛреті Light Indicator Installed я 
13. Hardware Reset Ronon installed PORTABLE 
Ы, Dimensions: 17.3") x B.2"iHi x 16.9 410) 
15, Weigh 22 ibs in CKD Form 
16. EGA Portables Ағаш м Now: 
—9" ЕСА Monitor м (6102356 (EGA) or 
440x200 m 
-220 Watts 110/220 VAC Power Suppl 


OPTIONAL FEATURES 


|, TEAC 54 360K Floppy Disk 
Я. TEAC 3%" 720K Dish 
Я. TEAC 38^ L.4HMB Disk 
6. Seagnie 34? Hard Dish of 20/30/40 MB 
$. Hercules Grephies Pius Card or [n-Color Card 
б. пы All Abore Воаг 
7, Qusdram (hued EGA Phos 
8. Everes EY 657 Autorwiteh ЕСА 
9. Pyursdisc Amioewiich 480 EGA 
|0, АП EGA Wonder 
Il. Genoa Зарег ЕСА 


13. АЯТ Premiuen, Sixpar Premium. Rampage 
14. Erenn Ram Roark 

15, Mayes or Smari 1200 Baud Internal пе External Modem 
16. Haves or Smart 2400 Baud Internal or External Modem 
17. Microeoft or Genius Moase 

1B. Winner Jovetich 

19. Enkel Math 

20. 2nd Seerial Port Upgrade 

21. Epson. Toshika, Cltieen, МЕС, and Star Printers 

22. Тыйеутығ Tape Backup of 20/30/40 MB 

23. Portable Carrying Bag 


CONFIGURATIONS 
ҰТУ ELIES Portable .................. ... 61,60 
Configured home ва БАЗЕ» feos ЖМ, 
%Т12ӘРЇ1 »/204B, “ари SEIIS, 65 MS, One МО К T 1.330 
ҮТІК » 5008. Задние 92238. 65 MX One ЖЕ... [100 
ST LAG ъ НОМА, Фата» 3650, 60 NS, Ош 360K T 14% 
ҰҒІЫЗЕА, vbi NB. 5ғери, 97277. 19 MS. One 3608, i 4,530 
ATLBPX БҰНЫ Porzabide .................. 1.036 
Қ Sense a» BUSI96 = ‘Onc | P 

ҰТО “Ж 1 208 amd Dar Ж. .... ......... 4.7 
V 129PX «20M. евдин 5225.65 MS Daer L.14B . 1.960 

AT USOPX « SOME зари SEINE. 65 M5, их | 2MB TREE] 1.95 
ATLAOPX „ЧОВ, Wiari 3630, 60 М4 (не 1208 ... 2.000 
АТОР 1038, Songer 971-251. 19 MS. One 1.208 2.260 
АТАРУ ЧУМА, Sengete 51.2511. 76 MS Ош 1.208. 1.390 
А\Т1+ЇРА = 4208. Мосе 5051. 25 Ss, (me 1.248. , 41.00 
ҚАТТЫРА - 6208, appe #1177, 39 MS бы 1.2МВ ,. .. 2.10 
ATIT2PX = TINA Werribee 6005. 28 МХ (ке 1208 ...,.. 2.600 
AT IAEA -HHE Sepir УНИИ. 25 М5 Ом | 2M. 2.650 
GT) [APS > 120МАҺ ыст 4128. 28 WS, Qo 1.298 1.900 
TTIMPX ДУМ Portable ................... ‚ 3.199 

Configured Same ал 045296 n {бы 1. 

ТТІКІРА «Dur 1.208 and One 360K 11% 
ТТІЗІРІ u МВ. epit 51-225, 65 MX lr 2Ий... .. 3.330 
ТТІМІРІ = 30МК тире TEZIE 65 М5 One І.2М8.,. as 3.400 
TT14O0PVA » ИМ. Чаты 3630. 50 МУ 09e 1 208, 34% 
ТТІЯЗРА » 43И]. чары 50751. 39 MS Oue 1248. 3.600 
ТИЗНРУХ - 4308, чары 32911. 2A WS. (зе | 2MB 3.700 
TT IMP „ ЗМИ Мише ЫЗ, 28 WS. Ош І.2МВ 3.990 
TTIGMPX » GSM мен 2171. 39 М. One ) 2WB 3.850 
TTL TERS = TON, Әәһсейе HIAS, 2А NS, Our 1.248 4.000 
ТҰНБАҒА = 3148. Seager ЗРК, 28 М5. Ош LIMB... 1.030 
TTIIO3FX =: 1038, Prises КН, 16 MS One 1248 . , 1308 
TTIL20PX = ZONE Мете 6128. 28 Ма, Our 1 206 4.308 
TTI I4OPYX © 140M, Шоғраһ 1355, 23 №. бег 1.28 3.299 
TTI 2Z30FX. «23046 Prom 1-230, 22 MS. Ue 1.2MB . $408 
тала « 337 WB. Prises 0-33 7. 15 $. Ове 1 2 ИЕ 1.008 


АП BUS Computer Systems Feature: 
a (егер Мапилі for Monitor, Kc board. Motherboard 
МЕР, Mui LO, Serul Carda 
n Fully Set Lp and Diagnastically Tested in America 
* 12 Hours Barn-In Period р айта ЖС | 1 
+ 30-Dey Money Bark Guaranty ' А M кнн кз - è 
a One Year Fulh Ж d 
аа = — өш “іні "e Reinforced Aluminum Frame Three Half-Height Drive Slots 7 Expansion Slots Available 
* Ship Worldwide vis Erderzi Express. DHL. UPS o Air Cargo 
® Anrepi Uverveas Telephonc Orders w/t ISA Manter AE Cord 


rar № ire Tramfers Price subject to change without notice. 
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Circle 75 on Reader Service Card 
MUST SELL 
SAVE OVER 60% 


IBM COMPATIBLE 


SOFTWARE 
13 High Quality Programs! 


Balance Your Checkbook, keep files, 
organize your finances, transfer data, get | 
DOS assistance, and do easy or advanced | 
word processing. This set of 13 IBM 
compatible Software Programs let you do 
all this and more! Our special arrangement | 
with the manufacturer makes this LOW |l 
Dea possible. Act now. Order today and 
savel 


€ Programs Use MS or PC-DOS Systams 
2.D or Later. 

e For Use with IBM PC/XT/AT Series and 
Compatibles. 

* Instructions Are in Each Program to 
Read On-Screen or Print Out 


1З Disks Include: Credit Card Account- 
ing, Document File, Auto Expenser, 
Network Builder, Video File, Business/ 
Personal File, Recall, Budget and Income 
Forecaster, Multiple Checkbook Account- 
ing, Personal Banking Reconciler, Con- 
nect, OOS Assistant and Word Processor. 


mfrtist.......... °194,35 


тет. 569 
Price For Set ...... 


Кет Н-3283-7347-982 S/H: $5.00/zet 
ІВМ AND ІВМ/РС/ХТ/АТ are registered trademarks 
ol Intemational Business Machines Corp. 


phone, 24 hours a day, 7 days a week. i 
Toll-Free: 1-800-328-0609 


SEND TO: 


Credit card customers can order by Y 


h Authorized Liquidator І 
1405 Xenium Lane N/Minneapolle, MN 55441-4494 
1: Бин — Compie Software Seta] nem Н-3283. 734 7-982 
nt $559 per ың pius $5.00 per set for insured shipping 
and handing. [Mirren negent qudd ЕН өліге гак Serm, 
i^ no COD orders 


Ры. Ма гы. 75 
PLEASE РАМТ CLEARLY І 


іс 
Г 
| 
= і 


Sdn Mara. uu ааа 
ERR ER ERG: RN GN GS UNS 
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MAXELL 


100% CERTIFIED 
Бу” BULK DISKS 


534" DS/DD 59: 
514” DS/HD 1.59 


3%" DS/DD 1,09 


Price based on quantity of 300 
Includes sleeves, Isbela and tabs. 


800-222-0490 


in NJ 201-462-7628 
@ 24 Hour Shipment & 


MEGASoOfi 


РО. Box 710, Freehold, NJ 07728 


КЕРКОМ PROGRAMMER 5395 


a Ne prrenality modales; Manu-driven device selection. 

è Built-in Eraser/Tumer option ($50); Foam рай. 

* User (riendiy software; Complete help menu. 

+ Direct technical support; Fall | уми warraaty. 

e Quick pulse «кегім (27256 under 60 пес) 

è Programs 271a to i Mb; 25xx, 6o: ; CMOS; KEPROMS. 
9 Мкгоа: 8741, 2.39 OR HTC)S1, FNC}, 8753, 9761 
е ГЕМ-ЕС, Apple, СРМ ar Unix driver; Asdotered RS231. 

е CHfortsplit Hee, Binary, laol & Molorola 3,15, 5 bu 


B&C MICROSYSTEMS 


355 WEST OLIVE AVE. SUMNYVALE, CA 94065 
РН: (408) 730-5511 FAX: (408) 73-5521 TELEX: 964183 


Metwork-O8 LAN Systems - Includes Boards, 
| Cabling, Terminalors and Software. Two-user 
| hardware and software for under $1,000 list 


Close-Up Нетое Communications - Support 
your cuslomer without leaving your office 
Authored by Cogitete for Norten-Lamberti 


Context Sensitive Help for DataFiex, RM/ 
COBOL, Clipper and dBase iti - Puts your 
appiication’s documentalion “on Ene." 


DataFlex Daiabase Managament - True Muhi- 
User database for MS/PC-DOS, Unix and елік. 
She licensing svailable. 


Dump/Restora-XT - Seven utilities for the МЗ} 
user. 


Call or write today for our catalog and pricing! 
СОЧИТАТЕ, INCORPORATED 
"А Higher Form ef Software" 
24000 Telegraph Road 
Southfield, MI 48034 
(313) 352-2345 /Telex: 388581 
Vize/MasterCard Accepted 


Circle 57 оп Reader Service Card 


SHARE SERIAL PRINTER ог MODEM 
between TWO COMPUTERS! 
нүнүн “элш ШУЛ 


тортын 
me $4490 омы $44.96 


Mow two Computers can share one modem or one 
serai and both сал 58 connected at (he same 
nme Sel-powated from RS-232C port; may be lett 


SAME- DAY SHIPMENT! MOWEY-BACK GUARANTEE! 


Order Direct {rom Manufacturer TODAY and 
SAVE? 


Requeti your FREEB & B ELECTRONICS 
VERE cating 86 2126 interface nad monhering 
ppap 
"пету Vua, MC сыл orders рес 20 ¢ Мот 
united пак? тет р R уназ 860 GWS 
ORDER 
B-Belectronics торду 
10 Boyce honoa (пе: PO Boc 1080 » (зи L 61060 
Онажа, IL 51350» Phone: 815-434-0845 


Circle 29 on Reader Service Card 


Why waste your time 
formatting disks? 


Preformatted disks | 
save you time and money! 


Memorex - Nashua • ЗМ 
| 5's (irom 48е) 5 4" НО. 3 5*3 7" HC 
Call toll-free TODAY! 


1-800-321-4668 , 


In Cotorado (303) 234-0871. 
Open 8:00 ta 5:30 Mountain Time, 
Monday—Friday. 


ALF 


ALF Products. 1315F Nelson 5t, 
Denver, CO 80215 


Circle 14 on Reader Service Card 


LOCAL AND REMOTE 1/0 
THE EASY WAY... 


pt 


tree und ie PPS in EEL 


« амо inputs 

* 8 contact (status) inputs 

«й тешу став outputs 

* 6 орьопа pulse accumulators 

“ Ваза Росе 159500 
The MOJAVE LMX (70 processor communi- 
cates with any computer or terminal in ASCII 
over RS-232 or over built in Bell 103 оғ Bell 

М 202 modams. Operates over virtually arry 

distance over dial up or over multi-drop radio 
or cable. A small battary can power the (МХ 
for up ta 4 years. Larger capacity I/O pro- 
cassors gre available, 


Сы] лл. "We're the 10 apectaliets” 
2100 Hayvenhurat Ava, Van Nuys, СА 91408 
618-902-1817. FAX 818-902-1934 
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Circle 62 on Reader Service Card 


| PLOTTERS 
| | З М Calemp WHT GT 495 Нил 42-2805 Ш Coen 1200 19 Alps 224 #65 
| "n (рЫ — 5395 юш 09 № сащем 20 маны 22 
Cakomp ӨПЕІ — 7595 юмо 465 № сми 10 ғы in 
s Cakemp 1644 (65 носа 595 | ша 5 [ХШ — 559 
Call Toll Free: 1-800-624-8949 Heusioa OMPS2 275 Нам — 305 В ос 2% ШОР 592 
sounds ems dI шыш шшш жыша ш 
Above Board 206 УЗ Ата! т 5 жшн 1299 AST Model SHS ЁШ быры тш шш 54% | Panasorec WDM? XS ЖЕМІ МП 
ANEGA Wonder 172 ATIWIP 269 № NEC Multispeed EL. 1549 АМЫ 4049 Шюкли Omerta Ши № Paasonen ш И 1% 
ASTRampage XI № VWiM M24 2% ЕТТЕ AST Medel 5449 Рик — 59 юыла 8 
ASTRampage285 79 BOCARAMAL 112 М Shap 4421 2105 AST Medel N50 6349 DIGITIZERS юы м шша qM 
45152511 559 NECGB4 ws ЕСІ 629 AST 286 т о ть Ж Шор? А а бай m 
Genoa АР» 25 Мом а тз | сок ә лпа оғ # Coe 50 Н 600% 08 ы OTC Brot T CALL 
Олок Tiny Turbo 28 ийе» 15 B юзю 2999 ын м | "utis 28 600%4 та, encom SWE 
Paradise VGA Pro 39 Paradise 480149 foshba!íU - — MIS ом 3200 5% т = өкілі A = LET ишин 
TaMree J-Lise AT — 419 AST 6 Pach 109 Voshibs 1280 2329 Zenuth 2-181 1599 к mma 
Hercules InColot 215 Гепа 249 245 Тоспа 500 4805 lel: — 2085 Gkompi6 49 426 Summa xt. 36 ПТР 365 Аи 1/5 
Video 7 Vega VGA Ж WegaDelue © | Acer 0386: ина 4084 Orne wes М Numoncs20 ox 1245 Еінейі МЕ (өзі | 56 
ADC Ajo BNW Everex Numbet9 Orchi CALL | Acer 60305: 16490 Wait 30M urhe 3585 Ou Laserine§ 108 MEER 3193 
Competone STB Tseng Verbcom int! CALL | NECPowermaie Portable cM 640K 20M 2675 МНЕ Башар и сы 
MONITORS lelevden 386 t6 MHZ 2M 1 2M Drive ик шш з көш қ | Chen S Ой 9 
Samsung TTL $ Amdekdita 139 № MEC Powerrmate Deskiop 386 16MHz 12M —— 265 Packard Ве 1200 90 ыы 25 DISK DRIVES 
Mitsubishi А 49 Amdek1280 59 | №8206: MHESTICT 2M Drive 14 № лиг 65 кән т Ш Масне 95 юш ЗАН 
Misubsh 6905 2096 Thomson aS0-A М9 | Wyse 2012 125МН IM 12M Dre 55 Б Prometheus 240082 19 Hayes (2008 22 gj MoscoexM Соо 398 Мосси 1% 
HEC Maitismne I — SAVE Thomsona 45 № 522214 12 мне Ома t моме 195 В Prometheus 4005 55 Муй 0 Б Maire HS 79 Pus(ani 20M 5 
МЕС Минус. 889 PGSIMXO — 53 Wise 386: № ИНИ 1.2M Drive 2573 Raca-Vadc240UVP 395 Zoom2a00P 189 Seagate ВМ KR 208 ғооо. 
HEC Muttisyne XL — 1999 POSUN 525 Ай ITT Misubishi Samsung Tandon CALL USRCouner2400 38 NovabonPanot — №9 Miniserie JOM Kit бері UM — Ж 
барта аёт 7 1649 Zendh 1490 619 TERMINALS USR Couner 2400E Я2 АНУ 0 659 lshba3 5 Ka WS Supe 10 
Wercom2Pag 1795 Талат Сул — 199 y Vs y us В езсхер 482 етно эн AST Alloy Everex Genoa Матис Marior САЦ 
AST Tarbovision | 1429 Wyse 700 юн еш % изм ж D =т=т ш gj Mountan Pram Tatgrass COG Tecmar оц 
SCANNERS Кїї KT POPC 954 Wyse 58 359 
Dalacopy Model 730 1125 Televideo 965 SAVE Wyse 60 3% HOURS: MON-FRI 7AM-6PM SAT 9AM-2PM 
PGS 15-300 With OCR Sofware & Adapler 975 № № 269 Wyse §SG 429 IN ARIZONA CALL (602) 437-4855 
Panason FX-RS 505 з № вее 355 Ит m CompuSave. 4207 $ 37th St.. Phoenix. AZ 85040 Prices Reflect Cash Discounts And Are 
AST Hewiet-Pacarg Tan Diners Save В sual Fac CIE Adds (BM CAL Subject Та Change Without Notice. Major Credit Cards And Selected PO's Are Accepted. We 


Cannot Guarantee Compatibility CompuSave Is А Division 0! Adiank Corporation. 


ш 286-12 МОМО SYSTEM LCD-286 PORTABLE 
e Zero/1 Wait * W/Mano Monitor $1,595 


ө (Zero Wait $150 Option) * 20MB Hard Disk $1,199 e 10 MHz 


ө 640K RAM CGA SYSTEM SEE LO A 


Ө Speed 6/8/10/12 MHz * W/CGA Monitor ө 80286-10 


€ 200 W Power Supply * 20M8 Hard Disk $1,380 ® 200W Power Supply 
e 101 Key Enhanced Keyboard € LCD Screen 
Ф WA2 НО & FD Controller EGA SYSTEM ө RGB Connector 


e 1.2MB Floppy Drive ° W/EGA Monitor € Size 16"x9"x7" 
e $1211.3 * ЕСА Card @ Weight 20 Lbs 


* 20M : € 640K RAM 
ө ОМА 51=15.3 гине ; ® Supertwist & Lighting Back 


80286-10 PORTABLE 8088-10 XT 


$1,399 $780 


"ТТІ Amber Screen . 
* 200W Power Supply | 8088-10 — 

* t 2MB Floppy Drive : 2 Floppy Drive 

* 20MB Hard Disk “ТТІ Mono Display 
"АТ Keyboard m | AT Type Keyboard 
* 640K RAM 640K RAM 


——=- 


PACIFIC COMPUTER (818) 574-5548 [sif SS) rz (800) 346-7207 ORDER ONLY 


120 Е Valley Bid, #H, San Gabriel. CA 94776 
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Circle 85 on Reader Service Сам! 


ІНекілАстЕнНС 


The Liltimate 
Diskette Value... № < piskMASTER 


Discover the 
Difference ... 


2 FOR t LIFETIME WARRANTY NOW le 


«^ Pag d in 5 different colors, bulk or boxed COLOR 

f Backed by 2 for 1 Lifetime Warranty 

7 100% tasted and certibed 

X Mada to exceed АМ 5 | specs by 62.5% with a 
guarantaed choping level of 65% 27 above 

и Inciudóos tyvek envelopes (not paper). wnte protect 
labs and usar labels 

J Brand-name qualty at aflordable prices 


| 5- 1/4" - 48 FPI OS-HD 96 ТР! 
| 05-00 IBM-AT Compatible 
BULX 
COLOR 
OR GRAY 


BOXED 
COLOR 


Lar омар 

f те. pe езен. 
¢ Partormanca SANSI spec by 88% 

” Еасһ бөк 100% tested and candied 

и 15 COLORS for data organizavon 

d Pkgs іпсіліб tyvek sleeves. wp tabs. & ID tabals 
5-1/4" - 48 ТР! DS-HD 96 TPI 
75-00 IBM-AT Compatible 


„84 Жш: OR BOX ] 3 q 
63 aux 1.15 
a COLOR = 


3-1/2" - 135 ТР! 3-1/27 - 135 ТР 
05-20 COLOR BLACK DS-HD 


1.75 car. 4.80 
- STORAGE BOX ш 


Call for 
best prices! 


ть Да ва ты 


7".  BASF 
y 
Me e) 5.14" 


DS-HD 96 ТР 


48 ҮР! 06-00 ІНМ-АТ Compatible hi 


| 13 


Ш.с гн жешн. жайнай аз 


Nashua 


5.1147 . ав ТРИ ко" OS-HD 96 TPI 
05-00 qu Compatible 


.90 w P 00” 
BULK 


3 2 §-1/4" DS/DD 48 ТР! 
Г 


Exceeds ANS! specifications 
+ 6¢ FOR TYVEK 
ORDERING INFORMATION 

TERMS: Р О order accepted. gowamment and schools on 
net 30. SHIPPING: U.S. orders add $3 00 per 100 diskettes 
бе fraction there, add $3.00 lor COD orders 

PRICE PROMISE: We will banar any lower dekverad pnce 
gn the same products and quantities adverused nationally. 


Той Free Order Lina: information Line 
1-800-233-2477 
Wisc INTERNATIONAL 


SUPPLY сомға” 
ізте Ми 60-50 5 W*BT JORDAN, UT Білеп 
нт: а АЫ ТО 5 Ры ATH Tus, 
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1.05! 


1-801-561-0092 


 HD64180 Single Board 
Protyping / Control Computer 


The SBC 100 is a complete computer powered Бу а 
wall transformer. Assembler, linker and debugger 
run опа РС, Ная baticry-backed RAM. banery- 
backed clock, power [ail interrupt, SBX bus con- 
nectars, serial and parallel МО, protorype area for 
ир ta 20 IC's, Only $695 including serial cable, 
power supply, 37k of battery backed RAM, soft- 
№ ware and schematics. $395 less software. 


Z-World 
1772А Picasso Avenue 
Davis, СА 05515 

iu" 753-3722 


P 


<a> 


vileri Q1 3171687 


Circle 302 on Reader Service Card 


2888 IBM PC/VT220- 


EM220 . r7220, VERB emiten 
= File Tress fer 

$169 = AF? Culiunn inedles 
a Color Support 
“ и Ker 


шаш" ТЕК 4010/4014 


ЕМ4010 
$249 


«Тейит A0ID ские 

© КГ VT IO? рәтен 

« Porte files 

ь High revolina hanleapy 

= Supperis ВМ. IBM Enluced. 
Hercules, Tener und АҒ” 


DCS 


J775 Iris Ave. Suite IB 
Boulder, CO 030 
£303) 447925) 


| Trakais ETAN Drei Ранар RM PU XI BM ou 
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EPROM/PAL Programmer 


ka eae 17095 
« Program 20 А 24 pin МЫ! 


EPROM MODULE it, 4, 8 socket 
ЛЕК to 1024K EPROM, CMOS EEPROM 
Read iwo, Mouwola, ТЕК HEX Ма 
apr lagi eae ‚ аео, балу to ие 
* BIPOLAR LE 
МАМІ, NS, TI А Signetice parts 
-Read inte, Мояотяа, ТЕК HEX fia 
пича Module 


зи 
“Неһз ыы, мне | ТЕК HEX fila 
, |е. ұрмаса Module 
— ru dae 


473 Бареа CL. #4 


Sarna Саги СА 95054 
Beet Сама. С m. GR = 
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"ZB0 Famidy Specatsts™ 


See how well 
you can pro- 
gram for 


Z80 or HD64180 


Thus professional, IBM-PC based, compilec 15 а com- 
рее moplementabon of the "C" language lor the 280 
or HD64 180 microprocessor. includes leatures such 
as; function prototyping, 31 -characier names, singla 
| preason floating point, {ul library source, MBO-LBO 
| and SLR Systems compatibility, atc. Hi-Tech "C^ 
has been established for years m Australia. Pang 
| from $295.00. We also have 280/4064180 co-proc- 
| essor cards for IBM-PC and РС/АТ Сай for a ШЇ 
catalog of Microprocessor development tools. 


Z-World <> 


1772A Picasso Ave. 
Davis, СА 95616 Е 
(916) 753-3722 "Z80 Speciallatz 


in (Зегтталу (System Tel: 00131/1687 
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MOTION CONTROL 


4 AXIS VERY SMART 
STEPPER CONTROLLER 


О 49 high ierel commands in plain English 

ГІ Macros. Battery backup for memory. 

[1 Leam mode with optional "Teach Pendant” 

[14 axis slmeltareses control. You select the 
ramps units, speeds, drive types... 

О Input for Limit Switches, Panic button, etc. 

С On board шейін compiler. 

О Works with aay computer with a Centronics 
port or with the Alpha Products A-BUS зумам 


See page 327 for details o! the SC-149 
ЖА ALPHA 1 
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Temple Datatap™ Graph 3.1 
for IBM and 17000, SUN3 


A NEW STANDARD 
FOR SCIENTIFIC 
GRAPH SOFTWARE 


de ER 


Time Cusec) 


Unparalleled power, 
intcracuviLy & ease of use 
USERS, DEALERS, VARS 


& MANUFACTURERS 


Developed at Temple University 
Mihalisin Assoc. (215) 646-3814 


600 Honcy Run Rd, Ambler, PA 19002 
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LETTER QUALITY PRINTER 


Why pay $1149 for a C.itoh DAISYWHEEL PRINTER MANUFACTURED BY C.ITOH 


STARWRITER" F-10 Sic pe dea 


When our 40 cps letter quality daisywheel printer from the same mfg. is only 


520900, 


These printers were originally priced to sell at over $1100. Through a spe- 
| cial arrangement MEAD has purchased these units from a major computer 


manufacturer and is offering these printers at a fraction of their original cost. 


LIMITED QUANTITY ONLY 665 LEFT! ШЕ; MONTH WARRANTY 
i STANDARD FEATURES 


e 40 CPS е Accepts Paper to 15 inches 
e Form Length and Pitch Set from Conrol Panel 
e Bidirectional) Тгасїог.......................... e Industry compat. ribbon, printwheels and control commands 
e Cut Sheet Feeder 00 е RS232 Serial Interface 


TECHNICAL DATA 


Printing Speed: 40 CPS: 38 CPS Shannon Carriage reium time: 900 ms (15 IPS) Max. paper width: 406mm (16 !n.) 

Printing Method: Full character Но! юв: 65 dBA Operator conirolg/Indivators 

Number of char/wheel: 96 Ribbon Type: Cartndge DIABLO compatible Switches: ON/OFF Line; Form feed/Line feed 
Pilehes: 10. 12. proportional Ribbon Quality: Multi sinke film; fabric TOF/Reset; Pitch selector; Format selector 

Fonts: DIABLO/QUME compatible printwheals Ribbon Color: Black indicators: Power On; On line; Errar 

СһагасіегіЛіпе: 136/10 pitch Pape Feed: Friction Platen Communication 

Vertical / Horizontal Increment: 1/48 іп. / 1/120 In. Optional" Bidirectional Forms Tractor; Cut Sheet Feeder Interface: RS-232C/CCITTV.24 

Printing Modes: Senal-undirectional; Line-bidirecBonal —— Number of Copies: 1+ 2 Protocols: Data terminal Ready/Busy: ХОМ/ЖОҒҒ, E TRACK 
Inpul butfar: 2K standard Paper Speed: 4.2 IPS Baud Rates: 300— 2400 


HARD DRIVES sx MODEMS дшн; COPROCESSORS 
saco -EVEREX te ЕРТС | 
ОР Seagate EV-920 EverCom 12 30071200 005... . 84" inel 007 Mies. о 
EV-940 intema! 300/1200/2400 . 1794 те 
EIE RIS £V-945 Extemai 300/12002400....... 2309 | (mte! 80287 8Mhz 
87225 20Meg wicont. & Cables EV Pocket M 1390 Ime) 80287 10Mhz 
ST238 30Meg wicon!. & Cables КА МШШ ес, oie. ш Intel 80387 16Mhz 
ST251 40Meg ' HT 40 Mil w/software us ROBOTICS — COMPLUS -- ADDA imel 90387 20Mhz "E 
$14051 40Meg Full HT wsottware 1200 Baud w/Bitcom 1 ус Warranty .. . Bge MEMORY UPGRADES 
$Т4026 20Meg Full HT 40 Mii 1200 Baud Extemal, 1 yr. Warranty 119% 41128 16045 188 вя 256k :00NS 


814096 B0Mag Full HT w/soltware . . 149" 256k 120NS 899 ea 256k 150NS 


CAT™ 8MHZ d CAT" 286-10 $I 
p cu nsus 


BASE SYSTEM BASE SYSTEM ж” 
e 256K (Opt 640K) « 150 Watt Power 


Supply е AT Styta Keyboard о = Supply е АТ Styla Keyboard — | 
• 4.77 or 8 MHZ Keyboard Selectable sæ ә Western Digital Controller * 1.2 Meg | 
« FDC Controls 4 Disk Drives Wiper В = Floppy e Legal Bios w/manuals е Systems ШИ 
a 


» 8087 Socket e 350K Floppy Drive - Documentation © 1 yr war. » Cleck/Calc 


$36900 585555" $ | $89800 ЖО 


MITSUBISHI SEAGATE 10MEG HARD DRIVE (01500 EPSON TRACTORS | 3M EQUIVALENT DATA CARTRIDGES 
1.2 meg Disk Drive » Halt Height/Factory Fresh е Epson discontinued these thus Mead has е DC 300 ХР * 45 Meg (450 tt) 
e 514" Black Face Drive е Най HT * 65 Mil. Sec. » 3 Month Warranty acquired last 450 units « Only 1100 left “ individually Wrapped 
Floppy * New — 90 Day Warranty List 2999 Мезад 129% List 99% Mead 4090 * 5 Year Warranty 
List 199* Мем 79% | 5 Meg. full HT 79и Epson 98" Disk Drive 999 | List 399 Mead 1499 өз 


2400 Baud Іпівтаі!, 1 yr. Warranty 


NEC COMPOSITE MONITOR 
« 12" Green Screen ® JB1201 New 90 Day 
Warranty « Works w/!BM (off color adaptor) 
SANYO / APPLE 


Lisi 199% Mead 5900 


INTEL ABOVE BOARD TANDON ТМ100-2А | 
+ 2010 — 128K Exp. to 2Meg » PC AT « This was the origina! drive used by ІВМ 
Compatibles ә Provides © Full Height 
Conventional-Expanded and Extended e 360K 
List 545% Mead 19990 List 249% Mead 8969 


PRINTER 
STAND 


« Manufactured by Epson 


List 2500 Mead 906 


NO SURCHARGE FOR MC/VISA 
900-694 ТЕ | MC e VISA « COD е CASH 
702-294-0204 COMPUTER | Purchase Orders from Qualified Firms 


CUSTOMER SERVICE / ORDER STATUS: CORP. Personal Checks е AE add 4% 


9 a.m.-4 p.m. PST | | uam 


РАК ТОН ИРИ 1000 Nevada Hwy. e Unit 101 e Boulder City, NV 89005 SHIPPING: (min 65) UPS » Fed Express 


Faemais аге Ragistered with тағ respactve Cn. т. 
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wrapped. 


100% certified and tested. Error free 
life time warranty. АП disks Include 
generic white Бох, Tyvek sleeves, 
labels, write protect tabs, shrink 


UNIVERSAL | E(E)PROM 
PROGRAMMER KITS FROM 995 


ә Ne perseaniity modules, Mcuu-drivea device selectoa. 
a Ош board prera парру (110/220У АС). 

Ф Direct үсікті парро; Fall 1 peer warrenty 

в User Інім oftware, Complete help menu 

е Quick plur прсна (77256 стиісу 60 ыч). 

в Programa Ук to 1 Mbit; 25x, óir, CMOS; EEPROMS 


industrial — РС Cards made in Gerrnery 
—Мыпрыз - card, 32 crei 1o 1 channel 


-Prmmu-huf'ar-cerg anh 84 КВ on boast 
EGA-BAS Adapter. ыч AGH to BAN Vino 


- 35 MHZ ADGA converter with Т echan Beet 
=AD/DA {2 bet 16 АЮ and ' OR channet 50 us 

АО conver wan Я bat тие | chanel 
-Prototype Card vet 24 TTL.UD B255 РИ! 

-Auns cad wrth 8255 pd B TTL ШС 

-ftumgus cad for 7 motors & solve 

— РАС ced 200 MZ ҰҚО MHZ Toi РСАТ 
Sicilia oda ке laii m 
-5STV-cand Ки ptum on ss or рїш 


- сат «mh 16 т; 8 ол chan 
-Éprammm 2718 27512 eth togi өзі 

-PAL programmer for РС/ХТАТ & Software 

-3 5 МЕ гит upaman board for АТ without mig 
-SC-NET 1000 networdcant for Nevell-Soltean 

= kodam -tard іш plane РСТ 30071200 be & acit 
- быте 1X) card with 2 puts. short card 

- Joey Such tor PC 


~ 4B 1X wah 3 x 16 -conia 
Opto-caupier 


5.25 Black Disks, 05/00..... ‚. -36еа. 6 Micros 8741, S742, 8248, 84EH, 5749, ЧӘН & more. ЕН ро 
5.25 Color Disks, 8 Colors + IBM-PC, Apple, CFM or Unis driver; Antoband ESI. "Mal ы Lud with du RE 211 past 
. оһажы B= : —Bar-coót-oen. verth wert 
Avallable, DS/DD ........... .46 ea к ш тав T. a m Fax cad group Y mex 8800 bd. 
5.25 Black Disks, DS/HD....... .82 ea VISA MC AMEX Сар зодау for dmasheeus " ов e a je ere 
5.25 Color Disks, 8 Colors B&C MICROSYSTEMS benino 395 ЖОП 4! accaunt ni 156 IEF 000 
Avallable, DS/HD ..... ..... .94 ea Hauch Қолы Electron Phone 02235. 78707 


35 WEST OLIVE AVE SUNNYVALE, СА 086 


Stenst 22, РО Bom 1127 
PH: (408) 730-5511 PAX. (408) 730-3521 TELEX: 964143 


D 5042 Етим W GERMANY 


их 02215-20248 


3.5 Blue or Gray Disks, Tees 388 2134 


* 9RÀk kk 92459*797*74«957*"7"»9»9»9 


3.5 Color Disks, 5 Colors 
Avallable, 05/00 ......... 


BULK MEDIA AVAILABLE 
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525 DS/DD ............. .32 ea. 
5.25 05/00 Colors........ 42 ea. 
5.25 DS/HD ............. 78 ea. PC Systems | 
5.25 DS/HD Colors ........ -90 ea. Handbook 
3 5 05/00 Blue or Gray.. .95 ea. 
5.5 05/00 Colors ........ 1.07 ea. 
| 5.25 Tyvek Sleeves... ..... ‚03 ea. 
5.25 Paper Sleeves ...... . 02 ea. MULTI-TASKING SYSTEM 
5.25 Label Sheet ........ ‚ 08 ea. оем ыла жа 
3.5 Label Sheet .......... .20 еа. 
5.25 White BOX ...... Ке. 15 ea. 
55 White BOX .......... 14 ea. 


Size across BOX 
214 x 7/16 1across 10,000 
214 x 7/16 а across 20,000 
2% х15/16 across 5,000 
2з x 15/16 3асгов 15,000 
3x 15/16 å across 20.000 
3.5 x 15/16  4across 20,000 
335 Xx 15/16 1 асгоѕѕ 5,000 
3134 4 15/16 2 асгоѕѕ 10,000 
$ х15/16 3across 15,000 
314 х 15/716 4across 20,000 
4 x 15/16 1across 5,000 
ах 15/16 3 across 15,000 
4 x 177/16 4 across 5,000 
4 x 1-7/16 5 асгобѕ 15,000 
Prices subject to 
change without notice. 
1040 Broadway 


Westville, NJ 08093 
609-456-6996 
FAX# 609-456-7172 


АЙ orders ЕО.В. Westville, NJ. 
add $2.20. Visa & MC accepted. 
All orders shipped same day. 


COD orders 
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CONTINUOUS FORM LABELS 


Qty. Per/1000 


Price 


$1.95 
$1.95 
$2.18 
$1.98 
$2.00 
$2.05 
$1.90 
$1.90 
$1.90 
$1.90 
$3.21 
$3.21 
$3.25 
$3.25 


АМ қоғам ELE ҚАРА AE Wo BN oo i 
ыз vs KADAK Products Liri 


pai al м us 
тишине dang oe тг 


——P 


Кт 
| Жата Ge $5870 
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One memory 
plugs into two 
computers! 


Plugs into existing 28 pin 
Static RAM sockets allowing 
both computers access to the 
same memory simultaneously 


HiTech Equipment Corp 


9550 Black Mountain Road 
San Diego, СА 92126 
(619) 566-1892 
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Оз агатай. 
ымын эт СУПегесвагсписа 
20570651016 pote me T TT зна 
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and Communications Program 
f the (BM ХТ, AT, Р572 and compatibles 


{oper YTD VTi) 
emaíaunn и 1- ame owe кеті 


VT240 Smart Termina! Emulator 


«Completes VTMO АХЫ ammmon | 


in. |}2-сшштпа лке o6 the СОА, 
EGA. УСА, and Hercule. adapice 
„ш Tektromo. 4010 4014, мегі ды! 
Recs graphacs upper 
*KERMIT and NSIODEM mam 
eLingermann Bea Ma er уз] 
ТЫЗ Semon for MSDIOS аңдап 
Also available VT220, VT1O0, 0400, 4014 
emulators and the PowerStation™ VT200 style 
keyboard 


“plug your РС 
or compatible 


KEA SYSTEMS LTD. 

Sale 412 2750 West Әккемеу. Улпа. BC. Grma ИХ 9 
Téipphone (900) 712-201! Tees. 0357848 ИЯ Ға (600 73210715 
Orde Tot Free 8005834702 

JO day Maney ach рағанды 
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COMPLETE 12 MHz 
ZERO-WAIT 286 SYSTEM 


WITH 32MB HARD DRIVE! 


Can you believe it? Yes you can! And every ZEOS® system is fully assembled, burned-in 
32 MB hard drive. 12 MHz ZERO Wait State. Fully AT and tested in our own laboratories. We would like to build 
compatible. Our complete "286 system ready to plugin and опе for you. Give us a call today! 
fly right out of the box! At the amazing price of only $1,295! OTHER ZEOS OPTIONS: 
How is it possible? By buying direct fromthe manufac- Ш Basic System Only: Everything except а hard 


turer that’s how. ZEOS International offers you the finest, drive. $995 
best-backed fully AT compatible systems available . . . at BB Complete 60 + MB hard drive system! Only $1,596 
factory direct prices. Ш EGA Upgrade. 14” EGA color monitor with ZEOS EGA 
We think you'll agree, this is the very best value you'll card. Fully tested. Add $495 
find anywhere. Ш Many other drives and options available. Call Toll Free 
for details, 800-423-5891. 
Compare not only our features but ZEOS* 80386 motherboards, 16 or 
the ZEOS* Pro- 20 MHz, Zero-Wait state. Up to 
as wel]: 1. Full refund within 16МВ of 32-bit memory on board. 
Итте cmm m Plus on board options include Wei- 
2. One full year tek 1167 Math Co-processor, 80387, 
warranty on parts and la- 80287, FDC and SCSI HDC. Ideal for 
bor. 3. Federal Express upgrades and OEM systems. Only 
E i $1395.00 


STANDARD FEATURES INCLUDE: т Ш Heavy Duty 200W Power Supply. 

| 12" High Resolution Amber Screen а Real Time Clock/Calend t 
TTL Monitor with Tilt & Swivel = Bari Жыз, (Calendar with 
base. Easy on the eyes! 


j TEA | 512K, 80ns Memory expanda- 
80286 CPU Zero-Wait State Moth- Ші ble to. 1MB on the Mother- 
erboard with 8 ПО slots and socket | board 
for 80287 Math Co-processor. || 


Ш Hard and Fl Drive Controller. 
Ш 6/12 MHz Dual Speed, Keyboard | 2 MU аа ccm 
Selectable, Zero Wait-State. | Ш Serial and Parallel/Printer Ports. 
Phoenix BIOS! | : | | | 73 2 c | 13 МВ High 
| Deluxe AT-style Case, й - , Capacity Floppy 
Security Keylock, | | = i ‚ Drive. 


ect Button, 4 и З2МВ hard drive. 


| Full 101 key AT- | gir | E High Resolution 
style Key Board Ж — Monochrome 
Mechanical Tactile Graphic Card. 


samen 487 42 fon fea ins / am os eo s 


Acum TEY 


"re 
FAX Orders Dial: 612-633- ORDER NOW TOLL РЕС 


am INTERNATIONAL. LTD 
жш 800-423-5891 MCI 
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ONTEIMERY GRAN 


FOR ORDERS AND INFORMATION 7 TOLL 0 OR WRITE 


(212) 594- 7140 1- 800- 345-7 059 MONTGOMERY GRANT 


РОН CUSI OMEH ЗЕНУІСЕ MAIL ORDER DEPT. 


CALL MON-FRI/9 AM-4 PM 1-800 2 34 5 - 7 0 58 Р.О. BOX 58 
(?38)965-8686 | BROOKLYN, N.Y., 11230 


FAX NO. 2125641497 OPEN 7 DAYS А WEEK FOR OROERS: MONDAY- т, жне" 
TELEX NO. 422132HMOLLER FRIDAY:3AM-7PM / SATURDAY & SUNDAY: 9:30AM-GPM EDT IFTUD at ФНР CPUS 


EQUITY 1+ | 1 i' SYSTEM 2 
IBM PC/XT 


HARD ОБМЕ : 
COMPATIBLE | PERSO NAL 
PACKAGE Mere SYSTEM 2 


a 640K RAM w/Clock à | : T - а 
Calendar = 380K Drive Гуа « і pan LM TR 
е Keyboard Drive- Packa > m ГҮ Нага Chive ы 
е Serlal/Paraliei құры | «09; 
“Бола • Box о! 30 Diskettes өне аз 52 599 = : 


s 12" High Resolution Monitor са ЕТТЕГІ; 
5769 бу Personal System Ii Model 25... .. $1048 р ам ООО. : ne 
IBM PC PACKAGE РУ и мозе 25 w/Color Montlor.........£1296 » 640K RAM © Built-in Graphica 


нен Вы je) A ПОРРУ $1049 ША ef ree hs М ee 1 720 k Floppy Drive ЕНЕСІ. Monitor 
One floppy 360K Drive- вм күте! System " Monitor $1 1 aq 


Same Pkg. w/Two 360K " 12° Monilar -Senal/Faral- 8503 Mono... . ‚ 5 PS/2 Model 30 w/720 
Floppy n 5849 №: 8512 Color . Floppy Drive & 20мввм 91 599 
8313 Color , . Hard Drive 


МЕС POWERMATE | DRIVES IBM PC XT COMPATIBLE 
PACKAGE PACKAGE 


ІВМ РС/ХТ/АТ COMPATIBLE Tulbospeed 47/88 МЫ 


SEAGATE Turbos 
BOMB 1/2 Ht. w/Contraller... ЕХ-288Е:.” 3469.98 | NX-1000... $169.95 350K Ficopy Daves |! 
зов 1 Н. w/Conttoller.... n FX-800.......$428. NX-1 M US = Me DOS * Mono-Graphics, 
40 MB t /2 Ht, w/Controller.... $440 КЕТ | NB- TM Card High Re- 


5489.95 | NB-2415... A solution Mono S 
й = ам Pro- acl ARAN RE RI ж 
....$858. rinter Ii... $389.95 rocessing Software 
40MB 3 2 Ht. w/Coniroller... EX.BOO. Өз |" 
ИЗ o ы сы 900772456 OKIDATA :679 
CMS ЗОМЕ Саа... iles io 3 ‘ ғ 
BLUE CHIP 

* 800286 B MHz Processor * 640K YO 10801-1.......5159.05 | en тұ Қы P MONITOR. rat 
НАМ = 1.2 MB Floppy * 12° Monitor 1082 $279.95 512K RAM Expandable to 
$1 349 | 2 - 640K › 360K Fior py Disk 
, ; Drive › 12" Monltor - Bax 
w/20MB Hard Drivo...............81579 - : TOSHIBA | а» ap! 10 Әріден Lini 


-— ' 
РОМЕАМАТЕ $ шы, 341-8. $649.05 ЩА 4 istas 5499 
wilh monitor 1 879 ы. M RT 579952 = = W/20 MB HARD DRIVE... $769 


commodore ' PACKAGES 


ж Apple ІС or ШЕ 


Keyboard « 5,25" Disk 

Drive « 12" Monitor + All 

е ир «Gables And 
арїога + Package of 
skelttos 


APPLE IC APPLE ПЕ 


$ $ 
bug — petri 5579 $5799 8 
4,7 MHz. Dual Floppy Огуев, 7 Expansion 512K. RAM Computer + Keybowd Асе IGS Computer а 35 
Slots-312K Expandable to TUBA + Parallel! В *350K Floppy Disk > 4.7-7.16 МН: oppie Apple RGB Көлмө Е 
"Seria! А Parallel Ports «12° Monilar Sanel Ports -Mouse- Available in Colar of "12° Monter « 8088-2 Processor . pf 10 Diskettes » All 1 379 
& Ádaplers «Package of 10 Diskettes Monochrome Systems Over $1000 Чопра! & Adapters а Apple 


Sotware- МО CHARGE! $ Software 
aA Hook- 
А up Cables 799 МАС PLUS Combuler Package. 5154 


$ ^ IMAGEWRITER Il Printer 
529 | Mono System Color System MAC SE Computerw/Dusi Give... 81949 


————— $ $4 49 Same im with 20 MB Hard C SE Сотриіег w/20MB 
Erie le :789 899 0 Des ci кее Е „41049 Маре наа Drive... 


LAPTOPS MONITORS 


TRI TUNI S ACTES COMMODORE 1080 RGB 
TOSHIBA eee оо _. 01500, NOW 
199 ИШ THOMPSON 14 CGA 
а | TOSHIBA B0088: 22.222 IN STOCK! 
2-2 ^ E РТИ RM т ‘AMIGA 2000 LOW PRICE! 
AMIGA 1000 DISK GAVE Oe РВ COR СИЯ MONT ORE 


7 AMIGA 1 DISK BHDGE SAAD НЬ MODULATOR 
$ / 8 му Ж АМАА мыйы PAIN THESE А ALL OTHER 
РЕНІРНЕ AALS № 5ТОСК 


EAUCCOUNTS 


РО 


commodore commodore AMIGA 


128 PACKAGE 64/c PACKAGE 500 w/1080 %769 
ее чн: cpi n ые d 1571 Disk ond. ма еер ° Commoners 1541 y AMIGA 

уе” Commodore olor Monitor isk Drive : Computer Printer = 

ommodore 1515 80 Column Printer ‘729 Computer Manitor $399 | 500 м/1080/1010 5979 


Сап зй ышы Bua sharka Диана Yai ARE B Шы ы) ыы Cada Бы Dem aar рг ве С. оба accagztad На вакыг 
mathina Pus г типй айын. Ноева TUTUETUETEMEUTUEITIIMTNMM IMCILEUM TENAJL-LISI 4 å Fiii 
pd PE fpi чиш жы баайыы Шыла Арат (ааа a НІШ, APO ГИК зі PO Bai нінен вана гай Ша ярай 

Gage ЫТ feet ійі ірржійні sra Ева. Presi ned ажр ніні dà LLLA IM EIL РЕ 
КЕЛІДЕГІ Шаага si dodaci areas masi Bisa peed ere мт 

ШИМ POLST пак чарнай irpdarmisha af [апаты жы анин Mitaa Сыр ЖЫ andre гун ba süipprd Ал Frpriis = ca бшп фам 


NO ADDITIONAL SURCHARGE FOR CREDIT CARD ORDERS Fe rest sedes en shack the prada cont thar 


ВҮТЕ 
LISTINGS 


YOUR WAY! 


It's easy. Now there are 


three ways to get source- 
cade listings that до with 


BYTE articles — on disk, 
in print or on line. 


LISTINGS ON 
DISK BYTE listings on 


disk are right for you if 
you want to compile or 
run programs quickly, 

Disks are now available 


by annual subscription as 


well as individual orders. 
BYTE offers listings tn 11 
popular disk formats. 


LISTINGS ІМ 
PRINT This print sup- 


plement contains source- 
coda listings described in 


the issues of BYTE. 


LISTINGS FROM 


BIX (BYTE Information 
Exchange! By joining 
BIX, you can download 
BYTE source-code 
listings at standard BIX 
rates. See BIX informa- 
tional ad listed in Reader 
Service index in this 
Issue. 


Oy 


[ж 

FOR DIRECT 
ORDERING CALL 
TOLL FREE: 
800-258-5485 


Call: M-F, 8:30 a.m. to 
4:30 p.m. Eastern Time 


(603-924-9281 for New 
Hampshire residents) 


For credrt card 
orders only. 


following 1987 issuae- 

С] January L] August 

[1 February Г] September 
Г] March ГІ October 

О Ари [] November 

[] May Ci December 

LI June О IBM PC Issue 


IN USA: 
aniy $18.00 
(Save $9.80! 


OUTSIDE USA: 
only $21.00 
Save $10 80) 


COMBINED DISK 
AND PRINT 
SUBSCRIPTION 


Bundled together, 
giving you the 
convenience of disk- 
based source-code plus 
the ease of reference of 
print. 


Name 


Address 
City 


County or Ранба? __ 


Cedi Card # 


Exp, Date Signature. — 


IN USA: 


Single 


Month Subscription 
(one disk} 


(15895 


БМ inch: 
О IBM PC 

Г] Apple ll 

О Kaypro 2 CP/M 
О Tandy Mod 4 

CL] MS-DOS 8 Sector 
О TI Professional 


3% inch: 
С Apple Macintosh 
О Алап ST 
П Amiga 

О HP 150 
О ІВМ PS/2 


LJ $69.95 
(Save $46.40) 


О $79.96 
(Save 549 40) 


О $9.55 


С $79.95 
(Save $49.40} 


OUTSIDE USA: 


Annual Single Annual 
Month — Subscription 
(13 dlaka) (one disk} [13 disks} 


L] $10.95 О $89.95 


[1315 О $98.95 


СО 311.5 О $99.95 


1987 Supplement Issues 


IN USA: 


Г] January through March 1987 for 
only $6.96. 

L] April through June 1987 for on- 
ly $6.96. 


О July through September 1967 
for only $6.96. 


Г] Octobar through December 
1967 for опіу $6.95. 


OUTSIDE USA: 

C January through March 1987 for 
omy $7.95. 

О Aon! through Juno 1987 for on- 
ly $7.96. 

Г] June through September 1987 
for onty $7.96. 

L] October through December 
1987 for aniy $7.95. 


Г] Appts Ii 
[] Kaypro 2 CP/M 
О Tandy Mod 4 

[Г] MS-DOS B Sector 
П TI Professional 


3% Inch: 

О Apple Macintosh 

Г] Atan ST 

ГІ Amiga | 
[] HP 150 

О ІВМ Р5/2 


APRIL 


ШЕ др 


_ Country 


Dale 


Please allow 4-8 weeks lor delivery. 


IN USA: 


[] $94 95 
(Save $82.20) 


О 394.95 
(Seve $62 20) 


1986 Supplement issues 
IN USA- 


Г] January through June 1986 for 
onty 58,96. 

C Juty through September 1986 
for only 56,96, 


О October through December 
1986 for ат, 58.96, 


0 1986 Annual Subscnption for 
only $18.00 (Save 54.851. 


OUTSIDE USA: 


С] January through June for anly 
$9.95 


О June through September for 
only $7 95. 


О October though December tor 
only $7.95. 


О 1966 Annual Subsenption for 
огу $21 00 (Save 94 B5. 


OUTSIDE USA: 


Annua Subscription Annual Subscription 
{13 disks & 4 Issues) 113 disks & Д Issues! 
Бу inch: ГІ $84.95 С $104.96 
О iBM PC (Save 559.201 {Save 389.20} 


Г] 3114.95 
{Save 572.20} 


П $114 95 
(Save $72.20! 


ГІ Cheek enclosed 

O MasterCard 

Г] visa 

COUS Funds enciosed (11 ordenng 
from outside the L.S. please remi in 


L.S. lunds drawn on а US bank 
Thank you.) 


ЕСТЕ iii 


[Save 502.40) 


(Save 355.40] 


(Save 355.401 


FOLD 


HERE 


| NO POSTAGE 
NECESSARY 


| BUSINESS REPLY MAIL 
| FIRSTCLASS MAIL PERMIT NO. 10 PETERBOROUGH, NH 


POSTAGE WILL BE PAID BY ADDRESSEE 


ЕТЕ Listings 


One Phoenix Mill Lane 
Peterborough, NH 03458-9990 


IF MAILED 
IN THE 
UNITED STATES 


р 


ШШ 
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M p LC ыза 9-Track Tape Subsystem | 
ы үс есы TANS for the IBM PC/XT/AT 


Emon Сатпрасав туі өлте? Quality 


PC-WRITER" 


ONLY 
| $99. 00 | | 
Pius shipping & sees i X BULK bla DISKS 
tex (Cale? ен! ' 
Money back guarantee | ! | | 
FULL EMULATION OF THE IBM PC ^^ | Double pt dry Den. 
GRAPHICS PRINTER | | 100% Tested & ested & Certified Error Free, 


e LETTER QUALITY PRINTING Now you can exchange data files between at “Minimum 55% Clipping Level or 
eELITE CHARACTER PITCH your ІВМ PC and any mainframe or mini- ig r. “Lifetime Warran у" 


* SUBSCRIPTS/SUPERSCRIPTS S Ment Бына ната Tyvek Sleeves & Write оп de 
%00Т ADORESSABLE GRAPHICS backup. Transfer rate is up to 4 megabytes per 100 200 
FRONT PANEL FEATURE | пера Berni esti ae .38: .35‹ 32 
Tearmmung Vi 
кетон GN nte cantánd DOS or YENIX Y each each each 


To Order: (714) 261-0228 | compatible software. 
бевіе” )ntormation Азга, рсе Prices start at $2,995. 


| С RAINBOW а [JURLSTHR, 


18011-A Mitched 50, Irving, CA 92714 9621 Irondale Ave.. Chatsworth, CA 91311 
| (714) 261-0228 Telex: 386078 Telephone (818) 882-5822 


DEALERS WELCOME 


Telex 74933362» Fax “405-495-4598 
Shipping Charges Vary With Quantity Сай! 


Oetawere 1 1. -800-451.1849 


= ый? си ww 


бй, Ок, 1800:654-4058 
ане. о Nevada 2j. -800- 6214 6221 


tere LAB +9244 шы 
кетып Conn s Z моа MasheiCurd агер 
co О ма 599 UPS aeter, (^ Maul ки AEX) e F4) 
Ай rir РИ ad OW ae C anat for PAL 
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]КЇ% APRIL BARGAINS 
JKL AT 40-25: 25 MHz 80386, 
40 Meg НО. Sas ee oe -> $9100.00 
B JKL AT 80: 80386 (16 Мн) с: case, 200W PS., 
| Keybd, 80 Meg НО. 1.2 Meg Floppy. 


| $5369.00 
ік AT 30-10: 80286 (10 Mhz). 
№ 30 Meg HD, Cir Monitor, EGA, CGA, 
200 PS., Kaybd., Floppy ........ . $1900.00 
| JKL XT 30-10: 8088 (10 MHz), Case, 
М ‘SOW PS., Kaybd, Parailel, Serial. Clock, 
B Floppy, 30 Meg HD, EGA, 
Mono Monitor. . is .. $1050.00 
Price & avallabiiity subject io change "НЬЮ antice 
Jack Krochmal, Ltd. 
Computers, 


" в | poda 
ГАЛА АЛАЛЫҒЫ 4 x 
AX KIA "ai E 


IGH 
Den. 
"Worldwide" 
Orders testi 
i5 


Authored Озан 


Peripherals & Supplies , JAM 
717 Ellsworth Drive m TET 451,845 
Silver Spring, MD 20910 Dum 1-800-654-4058 
(301) 565-2910 / 587-3232 | ре tte | m Mw 
| САЛ ОЦ Nayege 171 1.800. 621-6 6221 


Toll Free: 1-800-JK3-0386 


Tet фота 


Au E MC LE Ed Та 
eJex*41933362 eFax «Fax *405-495.4598 


M Verbat tim 


Circle 136 on Reader Service Card 


REAL WORLD 1/0 


For PC/XT/ATs 
MONI - 4 caros | 5% DISKS 580 10801 
Шу D Side 050 § 850 0 795 
aude Дый "A D-Den. 

5 trom ET (бе . at your command High 730 | 39 I 5% 
ADASOO - 8 channel, B-t AO. single ОАА, 24 Master Sicha sophaated yet ты кы Den, ш = 
programmable digital LO lines $239 and modems. Use serlai cr parallel interfaces, up 31/2 Diskettes — — 
А0500 - 8 channel, 12-04 A/D board Software to nine ports The buffer is expandabie up to ane 2 UIS 

‚ High me €. ACCESS а conirol menu from e А А 
ой а compute? to view tbe queue ог cancel. hold, and S-Side 115 D-Side 16% HDen 395 
7 digilal LO hnes High-2 inputs 5239 гарав jon. Жошы каа 8" Diskettes 
KD100 - Single channel version of А0500 10 wyw MasterNet software allows co самка networking 
ID unes Same accuracy and programmabie and electronic mail capabilities fo 4 m 415% S-Side 115 D-Side 206 
gains $149 D-Den. D-Den. 


Other solutions from ROSE 
e Printers Sharing a Multiplexers 
e Protocol Conversion е Modems 
е Bulfering є Manual Switches 
ә Micro ro mainframe — e Cables 
Аа сере) меуі oho. poter qai. 


Оет жый ОҒЫ ішешігісі are кейістік, 


(Sy, ROSE PO NOR 747571 HOUSTON ТЕ P222 


P ELECTRONICS сызда (лімов 713 931 7673 


04600 « Fasl settling 12-tet dual D/A converter $169 


| D024 - Digital ІЛ) board with 24 TTL hnes 
ll canhguratie in software $95 
X840 - Easy соппесі extender: prototype 
board wih tenmmal stnos $49 
DEM discounts available 
Real Time Devices Inc. 


таю РАЙа FORE SE лға 


VEIT Orders 
Accepted 


mi Deua are 1-800-451-1849 


Di Mie Okiahurna m 654-4058 
connection 


TELA ete 


ғ ел 
STATE COLLEGE АМЕ РАЛЫ. 1404 


(814) 234-8087 
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(DEALERS: 314) 


RS-422 
FOR PS/2 


CURRENT LOOP 


MODULAR | 
DATA ACQUISITION 


MODELS 50, 60, 80 
« Two Channel 
е Transfers to 256 К baud 
s Address Selectable 


е Interrupt Selectable 
1-800-553-1170 


478 E. Exchange Si., Akron, ОН 44304 
TEL: i216) 434-3154 FAX: (216) 434-1408 
ПХ 5101012728 
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RS-422/232 


CURRENT LOOP 


Ф Single channel async communi- 
cation board for ІВМ PC/XT/AT 

e Software selectable fo be RS/ 
422/485, 232 ог Current Loop 

e Selectable Address & interrupt 


1-800-553-1170 
QUA TECH 


INCORPORATE DO 


478 Е Exchange St., Akron, ОН 44304 
(218) 434-31 TLX: 5101012728 
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SERIAL/PARALLEL | 


Communications Board 


* Two Parallel Printer Ports 
е Two 8-Bit Digital I/O Ports 
е Two Serial Ports, RS-232, Н5-422 
or RS-485 
* Address Selectable 
• Selectable & Shareable Interrupts 
1-800-553-1170 


478 Е. Exchange Si, Akron, ОН 44304 
TEL: (218) 434-3154 FAX: (216) 434-1409 
TLE: 5101012726 


Circle 228 on Reader Service Card 


° FOR IBM & Compatibles 
е Flexible and Inexpensive 
* Money Back Guarantee 
* Free Technical Support 
Fast Deiive. 
1-800-553-11 
СЧА TECH 
ИЗНЕ РУКЕ: 


Leaders in Communication Technology 


ABE S1., Akron, ОН 44304 
(218) 434-31 TLX: 101012726. 
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72 DIGITAL I/O 


FOR PS/2 


MODELS 50, 60, 80 
е Parallel Expansion 
e 72 VO Lines 
е Address Selectable 
1-800-553-1170 


478 E. Exchange St., Akron, OH 44304 
TEL: (2136) 434-3154 РАХ: (216) 434-1409 
TLX: 5101012726 
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IEEE-488 
CONTROLLER 


FOR 
PS/2 


MODELS 50, 60, 80 


GPIB Compatibility 
Contro! Up to 14 Devices 
Selectable Addressing 
Software Included 
1-800-553-1170 


ОЧА ТЕСН 


ПЕТЕ Te ad TE 


478 E. Exchange S1., Akron, ОН 44304 
TEL: (218) 434-3154 FAX: (216) 434-1409 
TLX: 5101012728 
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Communications Board 


Dual Channel 

Address Selectable 

Supports 20, 30, 60тА 
Configureable as Active & Passive 


Selectable & Shareable Interrupts 
1-800-553-1170 


478 E. Exchange Si., Akron, ОН 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 
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WAVEFOHM 
SYNTHESIZER 


s For IBM PC/XT/AT and compatibles 
= Generates user-efinable signal 
* Up to 2000 points per anvelope 


$795.00 
1-800-553-1170 


Cg oua TECH 


478 E. Exchange 5t., Akron, ОН 4:04 
(218) d34- 315-8 TLX- 5101012728 
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| 24 4 DIGITAL o 


EHEISUTLILTIETILICET 


я Е e 


е 24 Bit Digital I/O 
* Buffered Output 


* Selectable Address 
1-800-553-1170 


478 E. Exchange S., Akron, ОН 44304 
TEL. (218) 434-3154 FAX. (216) 434-1409 
TLX: 5101012726 


Circle 230 on Reader Service Card 


or EPROM 
д PROGRAMMER 


APROTEK 1000 
ONLY 


a $225.09 


ЕЕ umm 


117 AC POWER-RS-232 CONNECT 
-9 BAUD RATES HANDSHAKE TO HOST 
ALLOWS READ, WRITE, VERIFY & COPY 
Comes complete with IBM-PC, Apple Ile, ог СРМ 
(Specty Computer) Driver Program on Disc. 
Programs the folowing 5 Yon 24 or 2B pin 


devices: 2716 senes through 27512, ыы к э, 
68764 plus olhers. Please Specify Per sonality 


Module desired with order. Additional 
Modules опу 815.00 ea. dn 1 ү warrenty. 


TO ORDO CALL T 800 962 5800 OR WRITE 
APROTEK 

107144 AVENIDA ACASO 
CAMARILLO CA 93010 54 DO Stippmg USA 
Info 18051987 2454 VISA ot MC Add 2 
We Accept Пиш, ЗЫмня & Large Corp РО» 


Adi 
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ICs 


1Mbit 
51258 
2464 

41256 
41256 


PROMPT DELIVERY! 


SAME DAY SHIPPING NG IUSUALL 
QUANTITY DNE PEDES SHLAA lor LB 


DYNAMIC B" 
t'048gKx1 100 n 
* 258Kx! 
Б4кха 
2586Kx1 
256K x1 
256x) 


100 “3 
120 ns 
BD ns 
100 ns 
41256 120 ns 

256Kx1 150 ns 


41256 
41264 + в4кха 120П5 
ЕРНОМ 


27C 1024 бакта 150 15 
27С1000 126кха 200 n5 
2707512 вакха 200ns 
27255 з2қха 250 ns 
27128 і8ккй 250 ns 

STATIC RAM 
43256L-12 32кхв 120 ns 
58641Р.12 8кхё 120 ns 


OPEN 6+. DAYS, 7 ли 10 Pw» SHIP VIA FED-EX ON SAT. 


| SUMDAYS & HOUDAYS NMNMURNT OR DELIVERY VILU S EXPRESS MAR. | 
iat DELET Машага) узай oa LPS СА" +"? 
muwon | Factory New, Prime Parts 1а 
| t MICROPROCESSORS UNLIMITED INC 


ear a| 24525 єз (918) 267-4961 


et asa sa| BEGGS On чаг 
| мо ano Ке ге 


ь 
% xt. h зс фы 


é, Ф 
+ 


^r 


$0267-8  BOü3BT.!b 


я 
Е 
à 
8 
с 
5 
Е 
| 
E 
б 
з 
x 
3 


ШВЫ PC XT, Compar Рогішізіг & Pius: hp Vectra 


$180.00 $245 00 60157-20 


8087-2 


prem ойыл 
Y PU CS? cer ossi es dated D тем ry vus Peden! Cee Шілекінгі 
du» — KA D. De том жей гара? ang Paro Oc = 1125 Sy 
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9-TRACK MAG. TAPE SUBSYSTEM* 
FOR THE IBM PC/XT/AT AND... 


For ininrrrurin nierchange. ма nd мені M 
e d LE ЕДА қыты 

тара њут lorc за ЕЯ PC. 

Mur einer 3200 and 200 cpi. 

B Sottecers ісе PC-DOS, iiES-DCOS, ЖЕНІЛ 

m Alan іш АТАТ, DEC, VAX, 

УМЕ. #100. Fr3-x32, 

ag 


qj ane ЧЮ eee 


Мейр гразы пл ТАКТ Re eerie 
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еее" |, 


For Home, School, 
Or Office! 


ә 512K Random Access 
Memory. 

€ Two БМА” 360K Drives. 

e 12" Monochrome 
Monitor. 

e IBM Sono S4-RKey 
Keyboard 

e MS-DOS 3.2 Operating System 
with User's Guide and 2 Disks. 

е Parallel Interface. 

е 4 Expansion Slots. 

e Hercules Graphics Compatibile. 

€ Color Card Included. 


Zenith—The Quality Goes In Before 
the Name Goes Оп, For decades, Zenith 
has been making fine electronics tor home 
and business. Products built to perform and 
to last. They have put their experience to 
work to develop the 157-2 Personal 
Computer. Now you can order this IBM 
compatible computer al а price that's 


90-Day Limited 


Manufacturer's Warranty. Value 


trademarks of international! Business 
Machines Corp. 


To Order Toll-Free: 1-800-328-0609 


СЗС Authorized Liquidator 
1405 Xenium Lana М Minneapolis, MN 55441-4494 
Send. Zenith Compuiars) Пет H-3440-7344-054 
al $799 each, pius $49.50 each for insured hopping. 
handing. в residents add 69 sales tax. Sorry, 
no 


Cet гу aM CEO uA CB 


Г] My check or monay order 13 enclosed. (No delays in 
processing агайга pald hy check) 


Acci Мо 
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ust: *1499.00 


IBM and IBM PC/XT are registered Priced At...... 


COMPUTER 


with Monitor and 


Software 


Includes MS-DOS Operating System, Two Program Disks, 
User's Guide, Quick-Reference Guide, and Owner's Manual. 


almost 50% less than what you could pay 
for a comparable systern. Why buy a no- 
name clone when you can own a Zenith? 
This kind of quality, at such a LOW price, 
makes this a computer deal you can't afford 
to pass up! 

Zenith Data Systems are made by skilled 
engineers tc exacting specificatons, The 
Zenith Model 157-2 Computer is expand- 
able to 640K RAM. А hard disk drive can 
be added with addition of controller card. 
The MS-DOS Disk operating System is the 
most widely used system available. Order 
one or more Zenith Computers for your 
һоте or businsss today! 


99 


Item H-3440-7344-054 


by phone, 24 hours а day, 7 days à week. 


Name 


Sign Here 


APRIL 1988 * BYTE 323 


S/H: $49.50 ea. 


ATTENTION p*cad USERS 


Now you can increase the product- 
ivity of your software by using the 


new. 


RAPICAD buffer/decoder. 
Two buffers in one unit with parallel 
and serial in/out. Up to 1 Meg total 
memory. 

NO EXTERNAL DECODER 
needed any more... because 


RAPICAD is fully pcad box compati- 
sai and software transparent, allow- 
the use of p'cad and any other 
re with any printer, plotter, 

| pa etc. 


| Prices as s low as $995.00 


INTECTRA Inc. 
2629 Terminal Blvd. 
Mtn. View, CA 94043 
(415) 964-5018 


е SPEECH THING © 


For all PCs. compatibles, lapiopa 


CLEAR, CLEAN, 
[MGITIZED SPEECH & 
MUSIC, UNLIMITED 
TEXT-TO-SPEECH 
Attaches oviside 


Now ge! oopcukx ӨС lechnologies in ONE pro- 
uct! Брема Thing ix c full flecrtuneci B bif O/A sound 
Соттан Бозу ОНО oui poe Нұй стал -пе 
Боз ды Soólwore Includes puerecouded 
Epeech осоки. ғүгіһөнс Тек! jo speech 
(pec any ASCI text). demo programa. ond com- 
рине едіге) legature. Price any 

avoltobe. 


Quines Speech Ming for sound output.) Only $79.95. 
Palentid pite performance Бык с ру! 
TO ORDER КҮ МАН. песке $4 shipping В 
(54 Canada, 512 сас) par ordec visa, Marli- 
Cand phone orden occepled. 30 doy money back 


COM or тепте toky for FREE Produc! Catalog 


COVOX INC. (503) 342-1271 
475 Conger УМ. Eugene. Oregon 97402 


81420 SASI ю 54” Floppy А Hard Disk Controller . 
Apple 11, 11+. HE Hon Adapier. 


9205 Muithus Hard Disk Controller .. . . 
93050 IEEE 488 [HPIB] o 57506412 Controller 
Cont 


» Controller manuals $8 each 


5; Computer Surpius Store “МЕ 
‘sar Phone 408-434-1060 BUY 
FAX 408-434-0931 AND 


en Telar 1561447 SELL" 
-— MCNTSADIScaverfCOD's 


UNIVERSAL ELEJPROM 
PROGRAMMER $495 (Киз frum $165 | 


9 No perseuniity madales; Мел driven device ыЧесї г. 
© Войи Егас Тасым optive (550); Comducihe foam pad 
® Dica собака] корек, Fell | peer warrenty 
s Saad aloac dupticaiion & verify (27X X paris). 
е Quick puter sigorilhim (27256 undct 4) sex). 
* 27zx lo 1 Mba; 25х56 680, CMOS; EEPROMS 
Ф 8741,-2,-4,-B,-EH, 9,-9H,-STL,-C£ L,52,-55, 776] & more 
a IBM-PC, Apple, СРМ or Upiz driver; Autoband Е5212. 
ә Ofetplit Hex, Binasy, ше) k Molorola 818,2 ы. 
е Манвы with compirte ecbemalirs 
VISA МС АМЕХ Сай гоу fer daurrheerr 7! 


ВЕС MICROSYSTEMS 


355 WESTOLIVE AVE. SUMNYYALE, CA 94086 
PH: (410) 710-5531 FAX: (408; 730-5521 TELEX 984185 
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SAFEWARE® Insurance provides full 
replacement of hardware, media and 
purchased software. As little as $39/yr. covers: 
a Fire = Theft « Power Surges 


* Earthquake • Water Damage • Ашо Accident В 


For information or immediate coverage call 


1-800-848-3469 


In Olio call 1-614-262-0559 


SAFEWARE, The Insurance Agency Inc 


Circle 245 on Reader Service Сага 


The $595 Solution to 8051 
Product Development 


The PDK51 is а powerlul and economical 
choice for іле development of B051-based 
systems, The РОК51 19 used with en ІНМ-РС or 
equivalent and Includes: 

е SIBEC-|| 8052 Bask Microcontroller 

а SXA51 Cross Assembier 

* ROM-Based Monitor/Debugger 

s PROM Programmer 

а Power Supplies 

* Documentation, Tutorial and More 


Сай Now! (603) 469-3232 
d Ы Віпагу Technology, Inc. 
d 


Main 5t.. РО Box 67, Manden. NH 03770 


e Multi-user Database! 

e Powerful! 

e Multiple Operating 
System Compatibility! 

e Attractive Dealer 
Pricing! 

e Full Dealer Support! 


Datalleo n a mienia of Ома Ac 


Dealer Inquiries invited 


CBE | 


24000 Telegraph Road 
Soutnheld, Michigan 48034 USA 
[313] 352-2345 
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Presto! 


A Link to 
Mainframe 


шы Graphics 


Find nur how our whole family af 
ЕМО-ТЕК graphics terminal emulation 
software makes good sense for the work you do. 
Call today for more information. 


FTG 7, 


(714) 995.3900 
(800) 962-3900 (BOO) 972-3900 (Calif. 
10801 Gale Si., Suite M-2 
Smntun, СА 90680 
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| Dynamic Where the 
Electronics| CUSTOMER 
CO. b = | Comes First! 


8087 - 5,5, 10 MEG 
80287 - 5,5, 10 мес 


80387 - 16, 20 MEG 
64K e 256K «e 128K 
V20 e V30 


Чо retung ony exchange 
Exchange good for 30 deyi unda 
marnutacturr woronties menchoncise longer 


Phone: (744) 582-1224 
FAX: (714) 582-3780 


27402 Canynd Copistrano Sute 112 
Laguna N:gual Califoma 92877 
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6800/6809 
Micro Modules 


ЖҮТҮТІТІТ 


ОЕМ 6800/6809 MICROCOMPUTER 
MODULES lor dedicated control and 
monitoring. inleraces for sensors, 
Iransducers, analog signals, 
lenoids, relays, lamps. pumps. 
tors. keyboards, displays, IEEE-488, 


rial ИО, floppy disks. 
WiniQk Corp 
1601 South теч 
347-742-6428 
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8 Table улде 8 16 iHi cross assemble 
m Uses manulacturer в gusqembiy полегли 


в Tables 4 Éuampgle Source hiwa аге тпсінбеб los ALL | 


el tho following pracessor tamutug 


1802 3870 6502 
65856 8801 6809 
6811 68000 9049 
aos t BOBS 8096 
СОРВОО SUPERB І #80 
п ми mar mmy Dr Сібір гариг tables for 
addictum ыл 
m Produces latim. symbo table and 8 16 bt binary 
ігірі and Когото hoxcodu 
sS 0500 tor PC MS DOS 20 nt уеваѓеч 
& OO 95 us $139 55 CON 


ш Portable C sourcecode 1 Avadabia 


гм шй ден Mn (ALAA) & nani сие Credit 
Cart vtdert i$ 18 Q5 СОМ) pesas &perity Card nur 
тымты On car: ағы! gapery dele 


же 2 [Universal Cross-Assemblers 
PO. Вох 384. Bedlord, NS 
Canada HAA 2X3 
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PAL/EPROM PROGRAMMER CARD 
For PC-XT AT Systema 


МЕМ — VERSION 2 OF SOFTWARE ARO HARDWARE 


Q100MHZ LOGIC ANALYZER CARD 

For PC/XT/AT Syslema 

$1199 да Gror wi at 2500; 25 
$ Carnet м 300 ММ: 
Inte oh up 10 100 ММ: 
beter Goce up е 25 ЫМ: 
Тего Vonage TTL ECL 
or vxcacer Iram -10 40 «10v 

~ Gan Stace Миу Boards 

M Sa" ware КА 


CALL NOW FOR ORDERS AND 
TECHNICAL INFO (201) 994-6669 


Tagan. HJ солы ORIS TLA ун LINK COMPUTER 


Circle 147 on Reader Serrice Card 


COMRUTER 
MUSIC 
PRODUCERS 


for the 


ВМ PC/XT/AT 
and Compatibles 


VOYETRA 


TECHNOLOGIES 


| 333 FIFTH AVE, Dept. B, A Y 7 
PELHAM, NY 10803 
(914) 738-4500 ] 


Circle 287 on Reader Service Card 


ECHUBA 


PC488 
LOW COST PC/XT/AT INTERFACE 
FOR ТЕЕЕ-488 (GPIB/HPIB) 


а INCLUDES. INSTALLA&LE DOS DEVICE. DRTVE ГҮ 
e 1 OF 6 INTERRUPT LEVELS 
е! OF2DMA CHANNELS 
М UP TO 4 BOARDS FER COMPUTER 
OLLER 


/ / LISTENER 
« CUSTOM SOPTWARE SUPPORT AVAILABLE 
e COMPATIBLE WITH MOST [EEEARR SOFTWARE 
PACKAGES FOR THE IBM PC 
e QUANTITY DISCOUNTS 
VISA MC AMEX Сай inday for datasheet! 
B&C MICROSYSTEMS 


859 West Olive Аус, тии, А 94086 
РН: (408)730-5$31 FAX: (408) $521 BA 984185 


Circle 31 on Reader Service Card 


LOWEST PRICE 


TURBO XT BASIC SYSTEM 
° 47778 МНІ WPHOENIK BIOS 
* 258К RAM EXPANDABLE TO 640К 
* AT STYLE KEYBOARD 
* XT CASE Wh80 WAIT PS 
* 360K FLOPPY WCONTROLLER 
* 10 MHZ OPTIONAL .. ... ADD $15.00 
* 1 YEAR LIMITED WARRANTY 
AS ABOVE W/MONO, MONITOR 
& MONOGRAPHICS CARO. . 
TURBO AT BASIC SYSTEM 
* 8/10 MHZ WPHOENIX BIOS 
* §12K RAM EXPANDABLE TO 1МВ 


* 84 KEY AT KEYBOARD 

* 1.2 MB FLOPPY DRIVE 

* FD/HD CONTROLLER 

"1 YEAR LIMITED WARRANTY 


12008 INTERNAL MODEM . .. $79.00 
VORTEX EGA CARD (6407350) гн 
ATI VGA CARD (800600) .. 99.00 
SEAGATE 20MB HD WCONTROLLERS265 00 
QUANTITY DISCOUNT AVAILABLE 
CALL FOR OTHER PRODUCTS 


TYSTAR MANUFACTURING, INC. 


214-630-6025 


Circle 282 on Reader Service Card 


Circle 83 on Reader Service Card 


ЕЙ DISKCOTECH 


WORLDWIDE SALE!! 


WHY RISK THE UNKNOWN... when you can get | 
premium quality disks from the Leader and 
Inventor of magnetic media....for less! 


* 100% қи B carried ar 65 or mite 
Жоғ Райт PVE кы А Мәре tht USA А LI WARRANTY А 


White Plastic 


5.25" 05-00 Diskettes: Box Lib Boa | 


05-00-4ВТРІ (BASF Na Logo)... . tees oe 


E 05-00-48ТРІ -14 сою Daio” КӨР. 


.... 28 
"t 


05-Н0-96ТРІ (BASE No Logo) 
05-НО-96ТРІ -14 Сою Corks” 


3.50” 05-00 135 TPI: 


..1.19 
..1.29 


ы ei тосып ұғын ығын ст 
LED тарь Skin Oh EE r 


Г» қ BULK 


BLACK DISKS 4 COLOR DISKS 
$ 25" 06/00 48TPI .39 
‚ 5.257 OS/HD 96ТР!...... 82 

3 50" 05/00 138ТР!..... ..1.09 


= “= сы!!! | im |; lath oe Ae 


12.12.06 


.49 3M's Highland Boxed Diskettes 1.19 


0С-1000.,.,..12.75 DG-300XLP ... 19 45 
DC-200 17.25 DC-600A 21 65 
ЗМ Mag Tapes 1200 м/сегі,.......... a 25 
3M Mag Tapes 2400' w/seal 1 25 
ЗМ Headclean Kil for 5.25" 6.99 tor 3.50" t 99 


zm BASF 


5.25” 05/Ш?..................... 

5 25" 05/00 in Library Case ......... '69 
5.25" 05/00 in Minidex/60 ..... "Ei 
5 25" DS/HD ”АТ”................. .99 
3.50" 05/00 135ТР!............. 1.45 


3 50" DS/DD in Microdex/25 . 1.49 
"CALL FOR COMPETITIVE PRICING ON ALL 
E ' | ВАЗ МАС TAPES 


Nashua 
3 50° 05/00 5 25° DS/HO | 


1.39 


RIBBONS STORAGE 


| Please са! for information — 


ORDERING INFORMATION 
TERMS: VISA. Mastercard o AMEX COD add $100, Propa 
orders deduci 2% cash discount, POs accepied irom пособии 
шнш юп and corporations on Net 30. Shipping: $47 100 or lewer 
disks Reduced shipping on larger quantiles Есеп беге. 


APO/FPO. please call Reduced омы on larger quantiles 
HRS. $ a.m. lo 6 p.m. (mountain tima). 


Toli Free Order Line. Information Line: 


1-800-523-9661 1-801-255-0060 


TLX-9102404712 FAX-801-572-3327 


Я DISKCOTECH 


DISKCO TECHNOLOGIES, INC. 
213 Cottage Avenue 
P.O. Box 1339 Sandy, Utah 84091 
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Circle 134 on Reader Service Card (DEALERS: 135) 
FCC APPROVED! 


Sub-Mini AT! 


IDR. Capability 
8-Expansion Slots! 


Basic System: 

• S/10MHz Speed. 0 Wait 

• 3-LEDs, Reset & Turbo Switch 

* ОЛМА on Board With OK 

a 200-Wati Power Supply 

s AT Style Keyboard 

+ lea 1.2M Floppy Disk Drive 

* тез Floppy/H D Controller 

* 18a Mono Graphics Card W/Printar 

e 18а 12" TTL Amber Monitor W/Swivel Base 
ғ Assambied & Tested $963.00 


ay үзән Basic System: 
» Wikeylock a lea Floppy Osh 
Controller 


e 4 7?270MHz Hardware 
Selectable a tea Mono Graphics 
« B Ехраљаюп Shots Cani WiPninter 
* @640K on Board With OK в tga 12° TTL Amber 
* 150-Watl Power Supply Montor W/Swivel 
Keyboard Base 
Floppy Disk Deva = Assembled & Tested 
dead 
10MHz or 12MHz AT-286 Basic System: 
* 6/10 or 6/12 MHz Speed. 
В Wal 
» 8 Expansion Siats 
* HMB on Board With ФК 
a Regular AT Slide Case 
юпа! Display Case 
в 200-Watt Power Supply 
• AT Style Keyboard 


» 18a Floppy &H D 
Controller 

* 188 Mono Graphs 
Card W/Printer 

а 1ea 12° TTL Amber 
Monitor W/ Sewe Base 

* Assembled & Tested 

10MHz J2MHz 

Requiar Case 938.00 1001.00 

Әктің! Case 959.00 102200 


PERIPHERALS AT/XT 
For XT 

Floppy Disk Controller With Cable 522.50 
Hard Disk Controller With Cable 
0-384K Multtifuoction Card, ОК 
Monochrome Graphics Printer Card 543.80 
Color Graphics Card $46.30 
Color Graphics Printer Card 550 00 
, Enhanced Graphics Adaptor (EGA) $131.10 
Golor/Monochrome Oispiay Card 61 
Paratel Printer Card 
. Dual Game VO Card 
. Senal ГО) Card 
. Dua! Serial VO Card 


p f ы @ ы ьш Мз =e 


Mousa For AT/XT W/Orwer Software 561 ‘30 
Muth VO W/Controlter $68.80 
Мыш 1/0) 

No-Siot-Clock 
4578K RAM Card, OK 
А ??/АЕМН? XT Turbo Motherboard 

‚ 4 77/30MHz XT Turbo Motherboard $100. .00 
XT Side Case : 
XT Flip Top Case 
Baby AT Case. XT 

150-Wan Power Supply 
150-Wutt Power Supply (UL) 


For AT 
F IH О Controller W/Cables 
124K М Card, ОК 
МВ EMS RAM Сага. ОК 
Senal/Psrallel Card 
6/ 1OMHz AT Matharboard. О Wait 
B/12MHz AT Motherboard. О Wait 
B/ 10MHz Min AT Motherboard. 0 Wait 
AT Slide Case 
АТ бізде Case W/Digilal D»sptay 
34 Mun АТ Side Case 
200-УЧан Power Supply 
200-Watt Power Supply (UL) 95. 
200-Watt Power Supply For Mim AT 76.80 


ORDER HOT LINE 1-800-543-5107 
Technical Information (714) 990-2097 


Hours: Mon. - Fri. 9:00 am - 6:00 pm PST 
Please write for our complete price list 


JAWIN COMPUTER PRODUCTS 
e 565 W. Lambert Rd., ҰС шыкты 
| Brea, CA 92621 ж с5а 


Тетте: Раева ana Ste (or 52 Ой асистира а Carus] рім 75 
қы васп 10000 СА павича РЫМЫ Bd біп ыша мл We accep 
МАЛААС Саа Personal checks рыыкае alice 2 текп io сини Ай 
rection i warranted ісу 1,52 ина Осла ЫЛЫК 
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Industrial PC/AT 
er 


изаззватетва - 
тэлазаз LLLA L 
"A 

» LILTEITPSEUES 

+ pÅ 


№ ЯЗ 422 
№ Factory Data Colec ë B аны Tene Control Golera 


Quinial Tachnology Corp. 
2448 Cawihm Rd B4 US Mixmnszauga, Ont 
|416) 887-8455 FAX (4181887-8457 


ГА В a a compiete logic devalopmant system 
men буйет кыа nog P , Sample 
Pages С) ors GAL Decem iiit Indading 16vE, 1618, 
* Allows Proton al 42 diferent ptondord РОТ. 
= Includes U Equation Assembler Software 
* Accept JEDEC Dererdoocd Files. 
И Updmtable. 
* 30 Day Money Bock Guarantes. 
» Vien and Macer Card Accepted * 
CALL FOR FREE CEMO DISK 


Programmable Logic 
FO. Bar Ма? 


барыта. £C) Be 
Pr [ELA Sse Se 


Circle 215 on Reader Service Card 


To find out more about software 
that lets your PC emulate 
TEKTRONIX * 4105/5/7/9 and 
DEC VTIOO* terminals, 

call or write: 


О GRAFPOINT 


1340 Stevens Creeks Bist, бе 280. 
Sen Jos, СА 95129 [408] 349-795] 


Circle 115 on Reader Service Card 


не SYSTEM 


FOR ІВМ PC: XT. AT 


AS 


« Mainframe to РС Q3t3 Тапа: 

« High Speed Backup 

• All Software, Complete System 

» Strvice and Support, easy 
Installation 


са! (818) 343-6505 or write to 
Comtech Computer Carp. 
PO Вох 153 Tarzana. Caid 91356 


CONTECH 


Circle 70 on Reader Service Card 


Motion Control & 
Data parecen 


ur iHM de hie ta it 
ві! compatibles 


Smart 2 Aria Motion Controller: For мге” усб 
& encoders New ІС (irum HP} a e 
R monitoring on the Пу Optcaily rsolated 
W E $450 in US 
Four Axis S Orvar: Wah SOFTWARE & motor 
tor instant automation $95 
Рам A/D Board: With раттан йш ап, 650 KHI, 
4 inputs, $220 Com 
WARE $525 Аңыз: 12 Ва A/D, Relay Driver. Real Tima 
Ciock Circuit developers Project Book $25 


How do you do И? Use our Local Applications 
ри. LAH 40. One hos! adapter ($150) supports 

то Ла like those above, on a 50 ft 
= e 


Please call (415) 755-1976 forfrea ІНегаќиге, 
( omputer, 4 9ntinuum 


75 Southgate Ave., Suite 5 
Daly City, CA 94015 


Advertise your 
computer products 
through 
BYTE BITS 
(2" x 3" ads) 


For more information 
call Dan Harper at 
603-924-6830 


BYTE 
70 Main St. 
зады NH 03458 


An A-BUS system with two Motherboards 


A BUS adapter (IBM) іл foreground 


About the A-BUS: 


@ All the A-BUS cards are very easy to use with any language that can 
read or write tg a Port or Memory In BASIC, use INP and OUT (о PEEK and 
POK£ with Apples and Tandy Color Computers) 

ә They are all compatible with each other You can mix and match up to 25 
cards to fil your application Card addresses are easily set with jumpers 
ә A-BUS cards are shipped with power Supphes (except PD-123) and 
detailed manuals (including schematics and programming examples) 


Relay Card RE-140: $129 
Includes eight imdustrial relays. (3 amp contacts SPST) individually 
controlled and latched 8 LED's show status Easy to use (OUT or POKE in 
BASIC) Card address 15 jumper selectable 


Reed Relay Card RE-158: $99 
Same features as above. but uses В Reed Relays to switch law level signals 
(20тА max) Use as a channel selector, solid state relay driver, etc. 


Analog Input Card AD-142: $129 
Eight analog inputs 0 to +5V range can be expanded to 100V by adding a 
resistor 8 It resolution (20mV). Conversion time 12005. Perfect 10 
measure voltage, temperature. light levels. pressure. etc Very easy to use 


12 Bit A/D Converter  AN-146:5139 
This analog 10 digital converter is accurate lo.02596 Input range is —4V to 
+V Hesalutiory 1 millival! The on board amplifier boosts signals up to 50 
limes to read microvolts Conversion time is 130ms. Ideal for thermocouple, 
strain gauge, etc. 1 channel (Expand 10 8 channels using the RE-156 card) 


Digital Input Card IN-141: $59 
The ею inputs are optically isolated. so it’s safe and easy to connec! апу 
"on/at" devices. such as switches. thermostats, alarm 10005, etc to your 
computer To read the eight inputs. simply use BASIC INP (or PEEK) 


24 Line TTL I/O DG-148: $65 
Connect 24 inpot or output signals (switches or any TTL device) to your 
computer The card can be set for. input. latched output, strobed output. 
Sstrobed input, and/or bidirectional strobed 1/0 Uses the 82554 chip. 


Clock with Alarm CL-144: $89 
Powerful clock/calendar with. battery backup for Time, Date and Alarm 
setting (time and date): built in alarm relay, ted and buzzer, timing 10 1/100 
second Easy to use decimal format Lithium battery included. 


Touch Tone? Decoder PH-145:$79 
Each lone is converted into a number which is stored on the board Simply 
read the number with INP or POKE Use for remote control projects, etc 


A-BUS Prototyping Card ря-152: $15 
2% by AVe n with power and ground bus. Fits up 10 10 LCs 


The Amazing A-BUS 


Plug into the future 


With the A- BUS you can plug your PC (IBM, Apple, 
TRS-80) into a future of exciting new applications in the fields 
of control, monitoring, automation, sensing, robotics, etc. 

Alpha's modular A-BUS offers a proven method to build your 
"Custom" system today. Tomorrow, when you are ready to take 
another step, you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal, 
and no knowledge of electronics is required! 

An A-BUS system consists of the A-BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A-BUS Motherboard for 
expansion up to 25 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
year, 50000 customers in over 60 countries). 

The complete set of A-BUS User's Manuals is available for $10. 


Smart Stepper Controller 5с-149: $299 
World's finest stepper controller On board microprocessor controls 4 
molors simultaneously Incredibly, it accepts plain English commands like 
"Move arm 10.2 inches left” Many complex sequences can be defined às 
"macros" and stored in the on board memory For each axis you can control 
coordinate (relative or absolute) ramping, speed. step type mall full, wave} 
scale factor, units, holding power, ete. Many inputs 8 ти & wait until 
switches, panic bution etc Оп the fly reporting af position speed. etc On 
board drivers (350mA) for small steppers (MO- 103) Send for SC-149 liyer 
Remote Control Keypad Option RC-121: $49 
To contral {һе 4 motors directly. and "teach" sequences of motions 
Power Driver Board Option PD-123: $89 
Boost controller drive to 5 amps per phase For two motors (е! drivers) 
Breakout Board Option BB-122: $19 
For easy connection of 2 motors 3 Н cable ends with screw terminal board 


Stepper Motor Driver ST-143: $79 
Stepper motors are the ultimate in motion contro! The special package 
{below} includes everything you need to get familiar with them Each card 
drives two stepper motors (12V. txdirectional. 4 phase. 350 тА per phase} 
Special Package: 2 motors (М0-103} + 57-143 PA-181: $99 


Stepper Motors Mmo-103:$150r4fors$39 
Pancake type 2%” да, Ye" shaft 7 5^/slep 4 phase tidirectional. 300 
step/sec 12V. 36 ohm, bipolar. 5 07-їп torque. same as Airpax К82703-Р2 


Current Developments 
Intelligent Voice Synthesizer 14 Bit Analog to Digital converter, 4 Channel 
Digital to Analog converter. Counter Timer. Vorce Recognition. 


A-BUS Adapters for: 


ІВМ РС. XT, AT and compatibles Uses one short siol AR-t33 $69 
Tandy 1000, 1000 EX& SX 1200, 5000 usesone shot sig АН-122 $69 
Apple Н 114. He Uses any siot AR-134 $49 


ТН5-80 Model! 102 200 Pugs «nto 40 pin “system bus" АЯ-136. $69 
Model 100. Uses40 pin socket (Socket is dupiicaledon adapter) АЯ-115 $69 
TAS-80 Mod 3.4.4 D Fits 50 pin bus (Withhard disk use Y-cable! АЯ-122 $49 
TAS-80 Model АР includes extracable (50 гип bus i recessed) АН-127 552 
TRS-80 Model |. Plugs nto 40 от 1/0 bus on КВ or ЕЛ AR-131 $39 
Color Computers (Tandy) Fits ROM stor Muinoak or Y-cabie AR-19B. $49 


A-BUS Cable (3 tt, 50 cond.)  CA-163: $24 
Connects ihe A-BUS adapter to one A-BUS card or to first Motherboard 
Special cable for two A-BUS cards: CA-162: 834 


A-BUS Motherboard MB-120: $99 

Fach Motherboard holds five A-BUS cards A sixth connector allows a 

ЕЙ” second Motherboard to be added to the first (with connecting cable CA- 

L—— 161 $12) Up to five Motherboards can be joined this way to a single A- 
BUS adapter Sturdy aluminum trame and card guides included 


Add 83-00 ger order for иен. Technical indo: (203) 656-1806 
Ce аенын cioe Ж ALPHA Ж БКО ОТШ @1©; Orders only 800 221-0916 


C.O.D. add $3.00 extra. 


Connecticut orders: (203) 348-0438 


Oversees add tow a soma imum сотту 242-В West Avenue, Darien, СТ 06820 Ali ines open weekdays 9 to 5 Eastern time 


Circle 16 on Reader Service Card 
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Easiest IEEE 488(GPIB/HPIB) 


1 interfaces for your PC, PS/2, 
Macintosh, HP and тоге! 


” Controllers 
* Converters 
* Extenders 
* Buffers 

* Boards 


Please see our ad 


on page 139. Call or send 
for your FREE 


Technical Guide 


| 25971 Cannon Roed - - Cleveland, Chi 44148 | 
439-4055 


| Тема Әр > Fax (218 


Circle 13] on Reader Service Card 


e RS-422/485 

• Selectable Address/IRQ 

* Two/Four Wire Operation 

• One/Two/Four Port. Versions 
* Delivery From Stock 


SEALEVEL SYSTEMS INC 
SEALEVEL caster sc 296 
L taser. 5С 29647 


(803) 855-1581 


Circie 249 on Reader Service Card 


| not only a 
printer buffer ! 


DCB IMIS 19 THE MOST JOPHISTICATZO 
a Lew BUFFER - MULTIPLEXOR - SWITCH 


Two SEPARATE iMFUTI er AMD DARAN AND 
Two SEPARATE OUTPUTS РА BK 


OUTPUT 

PRINTER. н 1 COMP 

AND І ТРА AND MORE «| COMPUTER TO s PRINTERS 
OR a бошт TO з PRINTHA 


HIGH CAPACITY - 44 KA ТО ma КЁ p. н» KB TO | MB 


MODELS PAUSE COPY p икт FUNCTIONS 


г OR ыт} WORD "imom. 4 OR ? STOP 


ч 
MT, PARITY, XON/XOPP, OTR, A 


рав-А-аак в |95 һей-й-жәх $ 255 |") 
"| Fewer пергіу and pareliol тън eto included 


АЦО. WE HAVE THE MOST COMPLETE MIA aereas | 


UNIT CONVENTIE Afra? SERIAL 70 


СЕНТ ALLEL | 
OR ҮКЕ VERSA. "od AA мие JUMPRRE "AUD UR АНБ 
не BAUTM | 


PROTOCOL FULLY Р 
тона БТА, an xe ОНО Р, PARITY, ele 


pou [] 80 [Бы 
(9% Ғата өтррір аай colles MOT included | 4 | шта 


gerial<>parallel 
OCU bi-directional converter 


PORTS INTECTRA Inc -Deptt 


- 
? эр" 

HA мез TERMIMAL BLVD 
УГЕ. ЧУР MOUNTAIN ҮШЕМ CA 94043 


$ 


Мав» 


1... 


+ 
` 


415) 967-8818 TX 345545 


REAL VOICE Digital Recording 
for your PC. XT. АТ or Compatibia 
VOICE MAIL SYSTEM 


@ TELEMARKETING 
-inbound 8 Outbound 


@SMARTEST ANSWERING 
MACHINE 
Ф AUTODIALER—DATABASE 


@VOICEPAD”™ 
- Voce for your Programs 


ФРНОСНАММЕН 5 TOOLKIT 
-toptional 279%) 


9, саға, Software, cables. and speaker 
= '239°-seon Фр 
(415) 652-9600 
Talking Technology, inc. 


4383 Pweomont Ave Suite Ө 
Oskiang, СА 94611 


Circle 273 on Reader Service Card 


Serial davit a d Рагале! 


Convert What You Have 
To What You Want! 
; Centronice Регины 
* Gompazi DE RES 
не oi pen ou tu Hat деа дый ible! Our X Coe MED Pere Дач 
de «ВАЁ э ю ж. oe. 
tanalar affciancy. Delsillad documentation allows 
pir Ps == thay Моде! 770 Benfan or 
ov, 89.5 
igarlFaNIES | er лот 
СА Рериг Бі ipa 
Soon 
Omna Paes. 
Сай (503) 474-6700 or 474-6701 
=» For FAST Delivery 


“EXACT TERMINAL EMULATION 


AND COMMUNICATIONS SOFTWARE '' 


e PRECISE EMULATION OF THE 
DEC МТ52, VT100, VT102. VT220 

> EXPANSION MODULES FOR 
OVER 40 EXACT EMULATIONS 

e 9 FILE TRANSFER PROTOCOLS. 

* EASY TO USE. QUICK TO 
INSTALL, AND MUCH MORE 

• IBM PC, XT, AT, PS/2 

FOR INFORMATION А ТҮ 

800/548-9777 


303/593-9540 
TELEX 450236 


Circle 255 on Reader Service Card 


"D" SIZE PLOTTER 
5229500 TE - 


RETAIL 


+1695% 
INTRODUCTORY 
OFFER 


е Model PC 3600 

* Repeatability .001" 

е Speed at 7" Per Second 

* Vacuum Paper Hold Down 


е High Resolution Circles: Suitable for 
Artwork 


(415] 490-8380 ZERICON 
VENSON BUSINESS PARK 
BOX 1669, FREMONT, CA 94538 


Circle 301 on Reader Service Card 


SOFTWARE DEVELOPMENT? 
DISTRIBUTION CENTER 


Ре 


А Numerical Analysis — ae 
Equation Handling Program 

м. This а wonderful program." 
Mathematics Instructor. 
t.I was д hfe saver . ." 
Statistics Pratessor. 

e Enter equations easily, edit, and solve 

It's that simple. 

+ Equations readable from any ASCII text tha 

« Symbole manipulation. 

= Up to 1000 non4mear equations. 

* Requires ІНМ PC, 256k ог more 

* $40 scedenuc, $90 commercial 


See Nov. '87 ВЕ 
“WHAT'S NEW" page 94 


Umveraity of Wisconsin-Madaon 
1025 West Johnson Street 
Madison, ns 523 "Dé 

300: 26 (5243 WI | 


PAL'/EPLD 
PROGRAMMER 


From 
$689.00 
M 27 эль. 


Stand Alone/RS-232 Programs and Verifies | 


20/24 ріп PLDs from MMI, ТІ, National 
Cypress, Lattice, AMD, Altera 
PAL tà а tegisteicd trademark of ММ! 


From A Name You Can Trust 


LOGICAL DEVICES INC. 
1201 N.W. 65th Place 
Ft. Lauderdale, FL 33309 


1-800-331-7766 (305) 974-0967 
Telex 383142 Fax (305) 974-8531 


Circle 148 on Reader Service Card 
(DEALERS: 149) 


Blos, only 16" wide, 8 slots, 

Speed, p? ч m ея 
ve 8 power s, 

key, reget & turbo conem on 

front panel. AT-S 

bd, 200W 110/220V 

FCC, 1 year warranty. $725. 


“THE PC 
, PEOPLE" 


SINCE қын 


Circle 271 on Reader Service Саға (DEALERS: 272) 


4-User Network Special 


NNOVELL 


Server Work Station: 

INDTECH 6/10 MHz AT-Fileserver - 12 slols, 
238W Power Su erial & 2 Parallel Ports, 
Montor, 1.2 Mb Варум 2Mb RAM, 71 Mb Hard 
Drive, 80Mb Tape 5 )60 Mb Tapes. 

AMERICAN POWER CONV. 450 Wait U.P.S. 

NOVELL ELS NetWare 286 Level | 


AST TurboLaser/PS ricoh, 
рама tacripl, Soni, sds 


Fast М Graphicsi $3.2 $3,249 


Brother HL-8 1МЬ, сопе, нара graphics CALL 
Н.Р. LaserJet Series | 


SRP IMM RPP Pe Pee 


[(4-users) Network set-up із Menu Driven! PRINTERS, PLOTTERS & FAX 
ААС 3861 Deskiop - 6/16 MHz 1 Wall, 512K RAM. 4 ArcNet Cards, Cables & 1 Passive Hub | 
1.2 Mb, 5.25 FI Drive, MS-DOS 3.21 ..... CALL 3 ARC™ Model M10 - Each Іпсі: 640К, 4. ТҰ 
AAC Turbo 12 - 1.5 MHz 80286-t Watt, 1Mb НАМ, 1OMHz, 8088-1 CPU, AT-Style va bor Aa 
1.2 Mb Еру, MS-DOS 3.21 .. . CALL Amber Tiit'n' Swivel Monitor 


ARC Model 10 XT - 8088-10 MHz, 640K RAM, 
380K Floppy, MS-DOS 3.21 


* A COMPLETE NETWORK ** 


М-1709 wtih tractor....... $439 /М-3724 2177 
НН-40 wisheet & tracl.. $569 / FAX 100........ CALL 


ARG Options ^^^" LL Retall.........$14,227 NOW ONLY. $ 7,469 
AT-Style Maxiswitch Keyboard........................ $ 59 Lease this system for ONLY $191. per month ! 500 CPS Dual Voltage ... — a du 
AT-Style 101 Maxiswitch Keyboard... .$ 79 CITIZEN 
Addin Boards................... See Modems & Boards 3 
MODHMOTS...Luuee eem nnns 2099 МОПНОГУ 1200 .............................9146 MSP 40............ $205 
Drives............ ышы а ТОД адырна See Drivea 1800............................. 9160 MSP 45....... ..... $415 
Ask about 1 & 2 year on-sile sarvica. MONITORS & TERMINALS Premlare 35................ $468 MSP Б0............ $355 
: Tribute 224 ..................$658 MSP 55............ $450 
AST Premium/286" $ 59;mo.* % SAMSUNG ОРС CALL 
Modal 140 wit 44Mb Dr, 1Mb RAM, S&P Ports, Samsung EGA Tilt 'n' Swivel, 14° Moónltor,.... $359 metrument 
Ci/Cal, RT-Style Keyboard, 3-0 Plus Card with Samsung 14" ТИ 'n' Swivel Color НЕҢев...... $248 Ask about Nationwide Servicel 
Samsung 12" TTL Tilt Ту Swivel Amber ........$ 79 а 
AST Premium Workstation ................... - GALL © ТАТ UNG" 
AST Pramlum/386 - 20 MHz, 0 Wait........... CALL CM-1495 OmniScan 14"PGA.EGA,HGC,CGA 1080 Modal 2............... CALL 1091 Model 2.. CALL 
ы loses avadable to qualiied businesses E 10821......................... CALL 1592 ................ CALL 
чя - т | with OmniCard 900 сог{гойет.......................$679° 14528 1. 5645 1595... $455 
FORTRON MM-1422 Dual Freq, T 'n S i4 GmiAmb... ~ $119 ТЗТ гасанна ВЕЙ SET ancien CALL 
90384-16/1 MHz Towor Server 2Mb ВАМ, 1 pora, 2 mor wTERITI XEROX 635 - 4045 Laser А 7010 FAX..........GALL 


ин. arta ор ЗАТ, 4 XT sies, 230W 


MoniTerm Viking dual page 19" or 24" paper white 


респ ДӘ Аш; ANAS upto SHH na 6257! оғ color monitors up to 1280 x 960 resolution CALL PC COMPATIBLE SOFTWARE" | 
drive. On-site warranty service includad........ $2 rer MDS Genius fult page for PC, PS/2 & МАС. CALL 
Data Base Management 
Ashton-Tate e ІШ Ріш........................... 378 
Knowladgeman 2.01...........................- 285 
PFS: летаа Fila о АИ 139 
RrBase 5000 System У/.................................... 15 
; WordTech DBX (dBASE 3j... CALL 
Software (Maxtor XT-1140 Compatible ........ $ 2,169 Communieations 
10100 103Mb 20mSEC w/AT RLL СІН......... $ 1,179 arbon Copy Pius (Мал) ........... 118 
10230 233Mb 20mSEC w/sottware, ALL Ctrl $ 2,549 MODEMS & BOARDS Crosstak Vi (М І {Мїсговїш]).........................››. ke 
V150 43Mb 30т5ЕС...................................... $699 ОСОО Il 
Же Word Processors 
=>=SEVEREX NCHOR NewWord (М (Wordster 40 done)... ТОРЕ 178 
Everex 40 Mb Tape 1пфетптай................... «00089525 1200 External .............. $119 /1200 Internal $ 79 e 0 Advariage i... ка Му салы 
Everex 801 60 Mb intemal Таре................... 8739 2400 External .............$149 /2400 Intemal $129 PFS: Professiona] М/Ңе.................................. 109 
СОС 300 Mb SCSI - rona with NetWare 2.1.8 2,699 =3 EVEREX о = ы eae Г" 12 
Fujitsu 360K Mpy dr. $ T9 112 Mose $125 — p, erexEverComiintema 1200...............$ 85 Enable 2.0 (software group] ise 375 
Everex EverCom 2400 Internal 2400..... ее 175 ыас Кре... M LU MEN 33% 
Micropolis 53 Mb 28ТЗЕС............................ $709 Everex EverCom 2400E External 2400 .........$219 FE ( оп-Тайе)............................. 298 
Micropolis 85Mb 28mBSEC. ЖЕУГЕ 5 вов MulliTech... ee CALL Минап шшер $138 
e сае 53 г a ee ere Es U.S. Robotics Personal Modems ... . CALL PFS: First Сһокө............................................ 8! 
subs PFS: а, с. oer der О 
Mlsubishi 3.5" 1.4 Mb Р1орру..................... $139 Кыт Г rm midi Вой оша... 125 
MHsubish! 3.5" 720К.................................... $115 . ADVANTAGE-AT-512K.......... $278 Symphony NT — s We Mem 3B 
Seagate 20 Mb PC Subsystem ...$ 275 хен. ADVANTAGE PS/2 - 5125. 5276 Desktop Publis ing 2 
Seagate 30 Mb PC ЧЕР, ар 238618. TE VO PAK/2 tor Р5/2- 5 & Р......$ 98 E M EN саны йод ШШШ pose СҮТ 
ЕЕ ==EVEREX eres rao, Pn à Mico | 
POWER ACCESSORIES Deluxe H-Ree EGA ..$19 /УСА...........9276 IMSI OptiMouse Soria... osos B8 
A Magic UO 1-35,P,G.....§ 58 / Deluxe РОА. $ ss /М5І Genius Mouse бега... Monum. dre 
NEÍCAN |ақрАТ.............. wo 450 Floppy МО Serial ,Рагайві, Game, Clock......... $ 79 alae eed шерде DE ORA ыы: MN 11 
820 ЕЗ................ „$ 525 UliraGraphics 1664x1200 resolution for Project Management 
Convecsion Cosy 1200V X ЕРТЕТІТІТТІТГІТІПГІГ $ 1,049 Everex 19“ landscape... me САЦ. Harvard Total Project Manager... Asi $325 
Inte! Above Board/286-512K &020.............. $339 аттауға РОЛСТАТ Clone no елегі 


Some Novell U.P.S. Monitor Board Compatible! 


800-528-3138 Orders Only 


602-991-7870 Customer Service 


5-100 Div./696 Corp. + 14151 М. 76th St.- Scottsdale, AZ 85260 + TELEX 9103806778 SNSCORP FAX 602-483-0920 


amers qualéying For terms calculate add! charges in tha foBcwing way: AMEX C. ОО. & Р.О." 95. Cdit card chasged on day of shipment. 
т” ds usd they ang not cancellabsreturr abia. · Shipping іт В Jes. min. $5 90. "Fro FodX only applies То cedars from 1-9 lbs X over $50 
төсін tears a Kdura purchaza All pices subject fo change without notice 


Advertised pri zn 5 are cash, prepaid, VISA oF йү My! Cust 
Spem olor ibas s requie peapityment чик г dua cred 
"emm tix AZ гов p^ hy. АН returns subject ю M tacking ina or ful 


| АСР” Break thru Prices!! 


Since 1976...The Nation's TOP Computer Supplier 


ACP IBM СОМРАТІВІЕ PRINTERS 
VIDEO & 1/0 CARDS d a DICONICS/KOGAK 


ытым (3:9 5 рас фый 18? porlable py Lier 1209 
pter Ute es ЖҰР же carriage CALL 
Monty aplica! E ЕР ОМ 
Supe EGA. болда га ww LI- Мен" 
XT Му 1/0) ае ору ча қо: col "Micos 1198.50 
Т n imiia. = = пеша ET 
дат por “ SEAGATE 175 4 c tpi CALL 
MEAT parallel port adapt 7 51225 20Мһь к} conr Емар EPECIAL Ғх.2Же ДЕ. co) 200 ср САШ 
ATAT serial port adapter 2 $1238 ЮМ w/WÜ con ALL 419 FX-Bfe 124 ps. 200 Ср! CALL 
Me стра! 69 51251 @М wicon( гайг 476 |MODEMS | 10-0 124 pan МЮ сри 42800 
AT loppuna от 178 $1251 1 400 (2504) 45% iQ 000 124 pin 180 саз 81400 
WEW 98/2 & АТ CARDS 54006 айты) 549 АСР MODEMS 1052500 124 pn 400 сан CALL 
"MbLasp M гал cad 8999 саб уыс ERI! — TU 00 mih wisoltware sale! а HEWITT PACKARD 
#912 Molti WO 34 WESTERN DIGITAL OO exl w somara Ф выне И CALL 
Pole tontoe 145 58 Foca 20 Бабаи cdi E346 Laon тыққа 1s ret | Desk jet CALL 
HATE Programme 18  Fiecad © СОМ addin CH) CALL шір sol mage 19 Ем PRINTERS 
АТЗ 55 ram wid Ышш! I7% PS) Ника ior PS} CALL MAYES Proprie И у ын 
AT buit О и... 108 КИП ВАН RLL cont. for AT 199 Smuytmpdem 24008 (9I ыз» Propia Х24 мәл 4% 
Accalleraiog 286/hall NS W-WA AT yi Nard »58 Smiurmodem 2906} пен | “7 Propuntet XLA 24 gon tol аз 
MOTMEABOARDS о WX1 $1506 for ХІ T$ MIGENT NEC 
XT Turbo wid 77 ВАН: tot TX REL comt for XE ad Poche! Modern 1200 на P2200 24 рит Айсы және — $377 
Ж НЕ ИЙ BACK-UP DEVICES Ор ошо Б hane: catt 
herboa: d » 74006 ProModem (enti Har ілге PS РБ P7 P9 Риган $ CALL 
ROBOTICS OXIDATA 
жык мв АРНА САО ao зоа бон DRY (er) тине CALL МЕТА pn 45005 cor УЮ 
А РЕГ? T дА Courses 9500 НЕТ ien} те ML 187» ср, со 21 
Mv ram "ux > — [OMEGA, nn Adv Sportster (200 tel] 128 71$)0292/291/294 Миссии = CALL 
y u CE E (254 d -— 
Korma X! 10 АТ motherbcaid 366 Бетин 405 ma | ха 
Seta (ext! нм 
Момын ме Ішін мы IT. < CALL 
100 XL/AI Mb lage intl р } 0208 CPU АЛ 499. 
came ЕСЕ: Pg or кыш TD M 
wl p dor to 
ТАҒАМ TALLGAASS TECHNOLOGIES 4 Norton" Si 01 Add-On Speciale! РИЗА ew бори Пепа - 96 
SAX бом! winottware зна ла AT 20ND Lape drree {int} £348 8 One 1 2B Disi Гани Amber Mono Syston Ме. MONITORS Га зы = к урашы САП, 
HERCULES XDUI-XT 2OMb tape drive [ind] 34$ 8 Western Digital" BDFD Cone — Mono гомо " 1349. AMDEX PLOTTERS 
card/CLA ма TORIA XT taps (vd) CALL ? Clock ‘Calendar өліп Back Mono гады | 5ra 1548, Video ЮА amber © iva 
муса сагі pls " | А 3 20 watt т Supply! 1 К/22ПУ Mong 040 аты ный Оа wie | ТОН INSTRUMENT 
қ T" 8 Hardware Rey Seritch spa ды м nr 296.00 
BARE BONES — В MHz 4 D тола АР di бирт 2008, 
XT TURBO И (егете Фи CALL  SEANCAD ere 
еа АМН Saali halt | 2 - раты; [МР 5ВА 498 20 


wdl& capat po И, B5? baer m a 


Ё i 
ЛЕЛ УТ Xs yonl | кп vend, 594 ONY MO d pan NB ваа зе. 
Sap nac MICROSOFT 5190 Байынын 88 DR чи 


MACH 10 к-нү улс cams x ACCESSORIES 
т ны | 


2d limes speed up for your AT increase your CPU го 10 МН: FGA лушу, та 
Plus! bundied with a Micróxon Mouse а М crasoh Windows СПА mondor. поп me wa Taea ia 
v104 Mole upgrade lo Wiridaws v? available from lactory Ww TL amim nope Г: PAS 4 ПИН staret apne өз 
ісі $25. SAVE 75^» naw only $ 199 You get Ihe Mach 10 baard NEC AUC PC бала pre ecpoo module Jar 
PC mouse sand Windows aH for $199 Mult к - CALL KENSINOTON 
‚ . yne Plus 55 Без MEDEA RCS power ct EJ 
NEW PRODUCT OF THE MONTH! Mudlynr X, AT 18043701 САШ. Mgslerpec ма 
= ORCHID TECHNOLOGY DESIGNER УБА BOANI Yes the dust tra hh ae NUM мота a кез м 
PAPA (H [tie лия Ми c 4141 11 dy іледі werk eal ‚05:2 Гы \ TT ж d CERES 
Адана 480 EGA tae БТ We. So labe advantage oval Т” Fial TT ambar TrS ич Sad Амер Dra £n 
PM ade VEA phus 208 COMPUTERS КЕКЕ fries dames е uu "pa % 12 птол-фе anter Ds, а 3112" Йангар міне ES 
UL A adsl AST COMPUTERS пећи nonae соқи 5 25 PL Vacuum (агын 29 
g W пай glare color по HM CRT vali 0° a ^1 18 
à Prog ui ECC Premium 286 up 1с омы CALL SPECIAL PRICE i т SONY Underdesk қа баз аз 
Mcratacen t im Бин ЖАК 289 ере $6 up io BOM C ALL BEST BUY LAPTOPS 1311 CGA сойы wTV ше Fp Seti [o 75 dish тала 
ер 2 up 10 CALL a Шері WEM ER] an ps % " m Hid аб 
vega Geluce EGA ыза» ря Portable Mod 20 cul | Eeseune EAS e posee гит! A АК ha m E s RR 
миуа УБА 0069001 а Deskora 28 Mod 20 CALL т ГТО 2090 4590. WYTODILORAXO арма grea | PERFECT COMPUTERCARE ки T8 96. 
cane Toshiba Г%00/ 000: — T99./14£0. Wyte30 Terming! зн 
INFUT DEVICES Deo зе kd M, САШ | Toshiba TON TOO Жез: узай, 80 75 6 TEE PRINT BUFFERS 
АСР KEYBOARDS NEC Multi speed EL Sio! 8 Матеғу Expansion ЧП М 295 iparaliel! — $149 MÀ 
AW Whey XT Al &wdchable TS Dues Workslalion Miral CALL лар ТИЙ Portable | | 
NEYTRONCX Нуни XT wir 7b CALL | SWITCH BOXES 
xem! ОТ key АТ keyboard pag Ну ЖА Иен CALL - ah Тын Гель МАШ 
ХНА! бела H keys ін жекте CLOSEDUTS А д P^ 
a um ME UELUT usos UR ECT A 
Бер шен іс бита 1 Mode cÒ см ПАО META i 
Power mate 36 Model 40 САЦ. ^ | à ^V atti н 
РТ iM s ud dinh dro. қаз Мп: irt Tim td ü ү ü Y 
EROR ME EP ra Ray-0-Yac 5 Yr. MEMORY 
= | CALL FOR MARKET PRICE 
Beria /Р6/2 тшш My) ry БАН, One CALL 
ogee эы уге Plastic Box m ык CALL 
eria (nai Tu Fe gox of 10 03/00 63095 EON CALI 
РС 19 Mousa 13а trace Sound Cover seen 5." Оча Box (sel 5с) 7-05 6 tal 5 da КИН CALL 
NUMERICH ЕНЕ i М4 Pra 301 оваз 50 197 11 (6 calors] BOX ГЕНТ Fa Са 
Mouse manager гарал Ы i 
E ed meu и шең DISKETTE PRICE BREAK THRU! POWER PROTECTION 
НІЙРРТ DISK URIVES изе міні) Мутал Fugl ИЗ ser АСР TRIPPLITE ЫШАН + 
eus DISKETTES #1747 3900 1 45 T z 105° 3M DATA soutit Suge бырге И. 
32 Floppy Dak иал gun 140800 108 чи 10M TES CARTRIDGES Pane IN epee | |ә 
ЖАС 51/4 Bipi - FT kim ^ Lie Combtroner id ош! 111 
ЖӨК іш ХТ $90 Sie HU 219 21% | ж, TE Backup Powe Supply 1450W] 390 
TOSHIBA 2 — = ; are 44 95 Backup Powe Supply 675) 828. 
PA ТЫ wx 3129 125500 1788 111% IM 1300 Ы 05 "р. во 2295 Ы Backup Power Supp! Tomi 
ЧОЕ О EN А! » 31:2" 0800 — 188% 18 50 21 1898 НЫ Tw 16 95 Васкцр Per биру COW 1275. 
a АТ gri ' > 
ROUGE G ТОМА gray т 0500 (іу 100 317 89 ик ню 98 Deer PC-£T/UPS та 00 
тутт BUD d 44M. "АА 149 à 


ACP's Computer Software Department...You Save!!! 


каала 11 % МЕСА Quei BASIC 40 74. SOFTWARE PUSLHIMING WORDPERFECT 


A Dus Turba ms р] ы 

Pape Maker CALL tune І 58 pac Manageng Your Money 10 №138. Wod ІМ шул шлюз 20 1115 морета? ым 

ALPHA OPT WAAL! Subkich 13 BO ПАС Easy РАЗЫ $44 MICROPRO NOATON Fru (ке !0 88 ol bay it ы 

Mayworks 29 $ 88 Боаб 68. ДАС Easy ысотянһа 67 ондаи ттын 4 5287. Commande Ы? $yMAMTEC 

ызға Кете з 10 17% Tute c td BO fHOITAL пав айы" еса S000 Page № г тұ. Ue 40 38 (ал? EOFTWARS CLOSEOGUTS 

AMERICAM BMALL БИНЕ — Rees! 9. Sem Oram P2120 arpa Easy Extra Velut Pace asy fairs (лом Abe anced V. rMAKER Wich Attest мән 

COMPUTERS Superum )! 89 Gem Пекнсо Волин pi 165 iro 19 Pase) 10 — PAPSROLCK SOFTWARE Persona! Pubicthes Jie им 

Propet а 2 5 5106 SRCOSRRMBUMO EXECUTIVE RYBTEM* MICRO NM ТРЕ ре 10 M3 Мр дву phon Spotupan un 

АНДА BORLAND Glaptoca (жағу | $22 ХЕ? ін Meade Graphacs 1) ұна азс 10 3% vmAVELIMG KOFTNANE* Моо Мг эм 

Ғызден t1 ама Фоо ее 2 23 гн GENMRATION NEP Ша уату | t аз YP pras N 35 іліне 20 Above DASC EMS ам 

Pii agos FO CALL Funi Sion м. байык 4 ц uw MICROSOFT yr RE l H тыймай наш» ery im A ула AO яғы 
ave PC жна | ыы 1 i 1X Sore им 

Анн ЗАГА Perro QONERIC Garmez CADO 00 Ма M ons "s Г i 

dias 9 Pon 11 CALL Slate Wat 522 ir та "odom Må ін — Занят 4 BT oun Put 1 чате | 

Есалигачяк A || CALL COMMUTER &SSOCIATES ци Ur Hale 07а лде 20 әҙ 50064 10 A? wos и и Адам age 13 ім 

ымын йузи САП! opweise 4 Brüy ЗАЧЕМ ЫШ мез Мм 500 QUAATEAOECK Carru кіре бст алын 

BOALAND CROSBTALK сомы. LIFETREE* Место Әз Мал! ма беты 29 143 vamig ба SPECIAL!!! 

Теги ыла Tomix 12 4! Осень Mark М 10 124 Yokenrin 210 146 С Compre 5a “а Manager 10 ТД н — QUATTRG 


* No Surcharge for VIDA or Мат cord. 


X Advanced Computer Products. пс. | NEW PHONE FOR ALL USA | veume реса agresments таны» OUR POLICY 


= Orders subject (o mmmilablity. = Bupply imKed oc cerlan ileng. 


ман Order: Р.О. Вох 17329 Irving, СА 3273. (оғ Fast Service 800-FONE ACP Ace гү іше pid ray vary iol парата lor уров. 
Hetal: 1310-B E. Edinger, Santa Ana. СА 82745 Order by Phone! 800-366-3227 е 714-558-BB13 ASK FOR GILLES SARA TODD. MIKE OA STEVE 


330 BYTE = APRIL 1988 Circle 9 on Reader Service Card 


IC's, Parts, Components...Shipped Fast! 


West телега Largest Selection...Call for Моге 


fe eS mE ma FEE 
в x T4 . . 18 7475.... 25 74173.. 65 n 2 HIT м 
...ргісей in sets of 9 | 7o... ве жона 6 
PUB ,, 35 7485... 35 14175 n 65 
© 64K/120ns ..... ... —MU-i- ME D Re 79 040 7% 
e 54K/150ns .......... 24... 25 м... Б г. 28% ЕЕ ТА 
Php г | тад ' 
e256K/100ns... . Ай, 25 Mi) 45 7%. 65 Call Us For Morel! 
e 256K / 120ns 7426 ,,.. 25 M125,, 45 74198 , 165 
e 256K/150ns ..... .34.95| СІ E onna: B ип... 15 
2412 `- K 7430 . xs ее 175 
Аы 2. 25 AWO. 1200 1... E CO-PROCESSORS V20/30 М SIMM RAM MODULES 
7438 ,,, | 3087 15 MHz) — $105. 80287 HOM?) 365 
DYNAMIC RAMS 7446... 5 MIA Ст а. © воб амн 180. VISUM; $995 TEE CAK x 9(150ns) $49.95 
4116720075, . 51.20 4464115005 $549 247 95 80287 5 MHz} 185 У20-818 мна 125 ОМ 256K x 9(120ns) 09.95 
МК4332 /20005 595 4256/10001... 545 B(287-8 (8 MHz] 265 30-0 (8 MHz) 17% ч 
4164 /200ns 96 4125611205 .. 444 74С CHIPS = IMbx 912015) 349.00 
JT XE ш ЗВ мы эги мын м0 ЕРНОМ5 Moose 69.97 
` 44. » .. 11 д. . 
дин 28 Mtoe ап МӘСІ hee 9 мша aes тийш м RE 
i с тых at TENE 40912. 685 2554. 450n . 
AES . 419 1MEG/100as 3295 бй. 35 жол. U25 740922.. 305 алыш 425 252 25 135 CRYSTALS 
з -6 54161/1045 895 ысы 49 4620 , 169 740923.. 395 226 _ 495 8741 2195 
STATIC RAMS FOR , 35 710244,. 1.69 740929... 489 2716-1 595 OT... 24 95 "ҰСЫН; $325 50588МН? 5225 15 ОМ 5226 
74090. . 118 740373. 1.88 7469397 1489 97016 5% 8748 ^ oo 16.95 "АҚЫН: 325 ВОН — 225 160004H; 225 
ТИЛИШЕТ 6118/1205 — 3295 8749 BS ЕЕ Дене 
2101/450ns 179 BIIGLP/I5Ons 245 Partial Listing Оту!!! 848 8751 ‚ 4995 озатын; 725 0 DOM He 
212/604 2 Brom ens 43 | Сай us for components s 1 MD 1995 gomir 22530yM&: 225 отем 28 
45075 15005 4 45 2» 2 . 189 холам 225 1000009: 225 ЛЫН 25 
21142 119 6264/150ns 425 NC . 9.55 68765 1995  3579MMr — 235 Le: 225 ЖЮН; 255 
2114/2 ! 9g 52256! 120ns 1285 TALS SERIES 2764 - 450ns 395 68701 - ,..f495 лоюн; 225 IZOD: 225 ARON 2Ж 
6116/150n5 245 62256 110005 1956 2764 - 250n5 . 495 69705Р 1995 — 40m: i-i 225 30 акн 19 
741500.. $19 7415125 $45 7415241 599 27054-45009 695 2816-FE 795 — 5000; 
74502, ,19 7415126 49 7415242 9) 27128. 2500з 59% 2964-Е 19.95 
ZTUTCEXGEUSIUTEIGETIUDDERTGU ME POCO NN 543 % OSCILLATORS 
TAHCIO? 25 74HCT!83 65 АНТЫ! 199 741505 ° 19 2415153 58 7415245 99 780 SERIES талын; 5550 6S00MH: — 5550 вон: 
АНСТ 25 ТАНСТИЯ 65  "MHDT5R3 298 256, — 1g 74554 129 14557 — 69 ТЕСР $149 2804500. .. 4% THA, SDT ree 5% 30 TMH, т 
TAHCTOB 25 MHCTI7S 65 MHCIS 299 7450 19 7445157 40 74558 59 — 7MICTC. 148 780ASIO/1. 495 20MM, 55 ВОН: 55) 15000MHo 550 
НСТ! 25 74HCT240 129 TAHCTS73 199 74510. 9 715158 40 5584 — 99 2800АВТ 449 790A5I072 49 PODM 5509008 — ^50 MH; 550 
MAHCT2? — 30 T4HCT24] 129 ТІҢСТЫЯ 1.89 741514.. 25 ТАЗ 49 7405271 — 39 ZAMO.. 143 790ADART 499 — 25MM: 5901700009: 550 CEMA $50 
а S пао шоша мо. ЖТ SATS ЖС AMI MI E эа ER 
; ж | 4L 1. E. 2 г r 
FARCTIS? 65 7AHCT2S/ бо АНСТаЗ 29 MLS.. 28 415155 49 74L535 — 58 ZBDAPIO 198 ZBOBPIO 344 —5199MH) 550 1230MH? 550 OOK, 590 
TAHCT18Q 65 FaHCT 239 $10 мнбтяы 2% rasar » н 2) 14155 8% Menard ра шымы, ардың ш 
LINEAR 741574. 35 111578 49 745%8 9 BIPOLAR PROMS/PALS GUMMI; 550 15300 39 aN 5% 
z 4575, 35 741515 49 745373 99 805103 $ 129 745189 Steg — 6 MH 15 АМН! 
CET кш EE I оош 3 8 HR CONNECTORS 
CEIICESSOEES NMEDUSUMEC NM PIN ST IGRT, 5135 SOPIN WAW Ар 4 
"ATE RE NE NI E т 
am» nm 1 Quen qe DUSI МИ © 2450 39 EXTENDER CARDS 
Казак — 100 LAIBA — 229 (мав 1ш RESI 99 lS = EAR APPLE $1435 ІВМ FC 52488 
ӨЗГЕ 295 (МЮ 195 MISS 800! 5 295 8212 5195 519 2495 ІВМ АТ 3445 
| CMON] 125 смазва — 125 (М 2ш e 8035/30 295 8216 155 
МИЯ — 115 LMISSE 1% 147555 25) 14200. 5 35 7472159 . $59 747243 $129 ordena PROTO CARDS 
LM319 95 LMU 25 LM7GO 298 74Һ02.,, 35 MFI.. 58 PFAM.. 129 EA 29 S ie 
B0854. 295 82774/5 508 APPLE 512 
(M3201-XX 60 млада 25) 1М763 2 MFH. 25 742158... 59 T4F245., 129 рд 7% 695 Б CMT 
МХК XX 1.35 LM HG 40 LMTEHOS 605 іе 2 pee = ber e + қ 2068 795 251429 7195 51 "AUS UNT EE 
Ми 425 LMT488 80 1М78н 6% .. 4 T 8085-2 995 #2535 195 nip снг 
м 55 UMS 60 ми 15 МИ, 3 afia 59 74280. 288 Ме сини о 22835 ТН DIP SWITCH 
изза 1719 маш 250 Мрз 16 74720... 35 MFI.. 69 74F373.. 149 уі ВИН; 24% 8257.5 295  1POSITION, . $49 7 POSTION $89 
гм3602 119 LM2003 75 мсиа 20 МЕХ... 3 MFNS.. ES MESA.. 149 602856 (5МНг) 1906 8259-5 295 POSTION 59 8 POSTION ag 
ЦИН 2% ИМЕ 375 жыл 2% РБ... 49 МҒТ8!., 199 74F379., 196 ВМ 
00296-6 (BMHz) 3435 8272/765 425 3Р0510Н 69 9 POSTION 179 
(мик 495 (МИ 119 МС в МЕРА... 49 МҒ1Ө9,, 299 42399 ., 299 
7496 49 МЕР `` 499 74552 99 90386 (MHz) 52500 8275 2495 4POSTION 59 10 POSTION 12% 
Му Юм 279 MOME (€ ма. d MEA. 123 маза 0 ‚ 160% "Ae e EVE. C Te 
LMGANC-XX 135 МӘС 19 (Мм 199 7979. 49 МЕ”. 129 МЕБ. 299 
LMS — 189 м7 129 TOATUD 500 PPS 
о 5 соб 19 CEST ІС SOCKETS ыы (6 PINZIF 5250 40 PINZIF 55 95 
LMS он J99 TO) 75 SOLDERTAL — HAIGS/T 59 22PINWIW129 аын: a bap Ovie “agen  MPNZF 396 64 PINZIF 995 
que 65 LMX/7S 14 Т2 B5 ВАМЫР $10 HRIBSIT 69 24PINW/W 129 68010/10MMz 3995 автом 170.85 001 ZIFS i E 
Смат 2:50 1431900 95 TLOB 1%  HpINL/P 12 HROOS/T 79 28PINWIW!59 — 53020, 10MH: 14995 Geabl/téMHz 29% ШЗ! 
ie e Tee cae vicem е La 12 НЯ225/7Т 99 4QPINW/W І 99 A. AM 16 РНЕ $450 aD PINZIF 69 95 
!BPINLIP 16 HAZ4S/T НІ у | 
LUSSA мом 185 ULNA 19» дим 20 КЕНЕ MM 6502 SERIES Jar: b es an ede «um 
Ши — 275 КМ! 195 ЩНДАЙ! 14 22PINLIP. 22 HR4OS/[ 149 HAWW 1.19 — 85920... . $295 6520 $2.05 
LMSbS 150 63652 19 инӘП 19 24PINL7P 25 HR645/[ 499 HRIGW/W 129 650002 1195 6522 КЕЗІ ІС TEST CLIPS 
ыр = Р 25PINL IP 5 Жел Ф HRISWIW 139 6502А 495 6572 4% 
L/ Wi HR20W/W ' МИН... $395 40 PIN 518.95 
ЗӘРІН Р 99 14PINWW 58 HR22W/W 174 95 — 156 PIN 3985 BÀPIN 39 95 
mage а рса ти пит ты нец? сн 1s UL LEN. 
JAHOM 25 ИНОМ 50 74HC240 120 HRBS/T 529 20PINW/WTT9 HRAOW/W 249 LCC SOCKETS 
нн 22 МНО BE MAGAS 133 ETTITA (802 TE MUS Берн $1495 100 PIN 
4 H i 
HCIO 5 MHC 75 74HC368 в SPECIAL FUNCTION 5810 295 Ба 495 B4 PIN 19.95 mum a 
АНСТ 25 АНСЫ „55 74HC37] 129 ІС ТҮ 1 16 ЕТ 
нсі — 25 HMHCIS3 6 дн 120 "GNE REPOGNITION ae SANT. $18.95 Si 1976...The Nation’ 
МНС 25 ИНСІА 375 7AHCAQQO 99 YAMAHA NYY BT. | т ап 
LAE H М аш Ур im ше! i 
imd: Э Й ТОРС Ѕиррі 
CNIZGELDORE C7 LAGER —— 
| 148 TM H CH | | 


* Но Burcherge Юс VISA оғ Маш!ттсата. 
* Volume purchasing ggreamenis gyalabia OUR POLICY 
» Orden pobjeci to avallabilitr + Suppty Kmileds on rerisin Hera 
а Pricing subjeci lo changs withow тас 

“АСР Anat Stove pricing may very. Not rasponiibie for Тұрса 

* епн warranik and other conditions apply 


ASK FOR GILLES, SARA, TODD, MIKE ПН STEVE 


NEW PHONE FOR ALL USA 


ux Advanced Computer Products, Inc. 
| 800-FONE ACP 


Mail Order: 2.0. Вах 17329 Irvine, СА 82713 for Fast Service 
Retail: 1310-8 E. Edinger, Santa Апа, СА 92705 Order by Phone! 


800-366-3227 е 714-558-8813 
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741500 


741800 7415712 


ж ж HIGH-TECH ж ж 


BU*SEAH WITH BASIL 241802 ro 
$3495 ег 


7415726 
741508 2 i He 
* SINGLE CHIP MICAG-CONTROLLEA WITH BASIC tN ROM № 741509 7415131 
+ BUILT-IN SERIAL PORT, THREE 16 BIT THAERS, FIVE 741510 7415116 
INTERRUPTS AND 256 BYTES OF НАМ и 2419138 
а REQUIRES VERY FEW PARTS TO BUILO AND EASY-TO- 1$ 
PROGRAM CONTROLLER Mis celles 
86514 7915147 
* BASIC INTERPRETER IS OPTIMIZED FOR CONTROL 741515 7415148 
APPLICATIONS 741520 7415151 
741521 74157153 


DYNAMIC RAMS 74,822 7415754 


STATIC RAMS 


i450n«) 
18500) 
(ZOOna Ht OW POWER) 
1100ra] 
(2000s (CMOS) 
1800s) СОВ) 
I200naj CARO SH EP] 
(1 Ба CMO S) P) 
(120ns1t CHO SHLP) 
{Sins CMOSHLPI 
(120 (CMOS LP 
мА432561Р.15 32788328 {thon CMOS WLP) 
HMÁAS20S8LP.12 31278548 13200) CHO ВНЕР 
HMAJZ2SSLP.10 3276848 | [DOr CHrOSuA PT 


7415241 
та5 242 
7415243 
7415244 
2415245 
741525? 
7415253 
7415257 
7415758 
7415259 
7415260 
7415 265 
7415273 
7416279 
7415260 
74152683 
7415290 


м 
Tl. 
LII 


DAN Reo tw 
52425542224 


mum =й = 


4116-250 
4116-200 
4116-1560 
4116-120 
MKA332 

4754-150 
43984-1210 


1634421 
1038421 
1838421 
1838421 
32768x1 
5553611 
6633521 
655 3621 


8038 195 
BOS7AH BAS Ја 95 


741527 7415155 


741528 
741570 
740532 
741513 
74815237 
FALSIA 
741542 
741847 
TALSAB 


7415166 
7818157 
7915158 
7415160 
74157151 
7415162 
7215181 
7415164 
7415165 


7412293 
7915239 
74168322 
7415323 
7415355 
7415367 
7415782 
7415373 
2415274 
7415375 


bed A шал 


TMB4144 85553821 } 94 | воза 2 45 
4164-AGFREEH 8553621 Бом 1 REFRESH) 2 95 ADAS 
TMESA16 16384 4 19464) 375 

331007247 1%50еы 

8553644 11013! 

28214421 (ты: 

ғ, “АРТТА 1120ra} 

28214451 i100! 
HM$1258-109 26214451 |100пансСМ0%) 
t MB-120 1048576x1 112} 
7 МЕ- 100 104857621 {1 Оба? 


EPROMS 


ібн 257 
|45бтан25М1 
ЗВОН м} 
[45001125] 
(45O0neltZ&VI 
(2503211 
[Z00ra1121V1 
|250ғаҢ72.4У CMOS) 
(450na1/12 59) 
і%ббған?%2 55) 
(200-112 $V) t 
(350naH21VH24 FIN) 15. 
iz5Onani 12 SV) 
(250012 вЫ CMOS) 
i260cm)12 5V) 
(24бғы 12. 5V1 
(250naj|12 Ям CMOS) 1 
аны Prem Vola 


7441551 7416165 
741573 7415169 
741474 2415173 
741575 7418174 
741576 7415175 
741583 741.5191 
741595 TALSTSZ 
74.396 7415193 
741890 7418194 
741552 2416195 
741.593 7415146 
241895 7416197 
7418107 2415227 
7415109 7415740 


7415377 
7415390 
2415193 
7418541 
7415624 
?741%64й 
7415645 
74154670 
7415882 
таза 


6 Nee а. - е. 
282225255552225522502525292855% 


LI ый 
E 
a 


$$25552335853 


м0 вый ый ый ай С к 17) РЈ ый ый бар ч 


РРР 
DO QR tet itp art ЦАА 


Me ed К 
EAM М4 - 

OA UP UR LP UP. UD LA OB UD UN 

Sw uw Lal lab ыы @ {> d AER == -а 
шашы 


MATH COPROCESSORS 


8087 5 МН=е 599.95 
8087-2 8 MHz $169.35 
BOA7-1 10 MHz $229.35 
80287 6 MHz $179.95 
50287-8 8 MHz 5249,85 
802H7-10 10 МНЕ 2309.95 
80387-16 16 MHz 8435,35 
80387-20 20 МН: 5799.95 


ot ы d EF Ашы а Ld Gal Ld Lah d 
БЕТ ЕЕ 


ы 


V gU SERIES 


vio" Б nir яз 

SMH? 1055 

10 MHr 12% 

ыж "B MH: 13.56 
ARepleces Bos ап 

Med up РС 10-60% 


Һышшы ім 
820298552 


953396 


нымы чы 
st ы МЫ oen ай ры 


АРЕНЕ 


ERYSTALS 


32.768 КМ: 95 


THHTTUENTTTTTITEET. 


зы 


IB871 ZOG 
AYx5.1013 
AYJ.1015 
TR1602 
mean 
CIRCUITS ІМ6403 
167 INSB250 
кеін - H N$*6450 10.95 
м5М5832 295 


а а ee ый ый ый чый ый ж) -й «йі тӛ ый ый =й = ый ай ай ік АҘ 
сщ 
Ex] 


$3282923333958885592832323 


EE] 


+ 
® 
- 


БІТ НАТЕ 


ri 


№с14411 
BAISH 
4702 
COMA11 


328825 


ic 


Rn a et = D a al A Aad AF = 
In 
ч 
m 


28 
AMARA 


i 


нг? 
ICL7197 


= ARD эмым 
* 


AR O Ты 


PEE tt bett У 


в д & ь AER BWM 
Шр мий ua С pwi 
UR APR LA CR URS АСА үт. 

EEE EEES TE tAk 


т 
чаш 


74HC181 


ФОН Micradavicas and the JOR Microdevices loge are registered trademarks of JOA Microdevices. IBM, AT, Р5:2 are trademarks of International Business Machines. 
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BYPASS CAPACITORS SOLDER STATION WIREWRAP 


ің Sect 
01.4 CERAMIC DISC 100 +3 00 ОТЧ PROTOTYPE CARDS 


SETTING W TIP TEMP 
AEACOUT FR-4 EPOXY GLASS LAMINATE 

= QUICK HEATING QOLD-PLATED EDGE-CARD FINGERS 
& RECOVERY SILE SCREENED LEGENDS 


~ RANGE 200 9009 | MOUNTING BRACKET 


$49.95 


5 4 Bin a UA 


EXTENDER CARDS idibus С 
FOR IBM muss o gs Жш 


- EXT-8088 5299 
EMI FILTER EXT-80286 $39.9 
$4.95 mc 
LINE CORDS 2% JDA.PA32 959.96 (BMPR) M 


2 фасык ЯШЕ i. E. P PROTOTYPE CARD WITH ‘EV AND GROUND AME 
3 conductor #30 Аз: | 3 949.35 IHM-PR2 29 9Б 
3 conductor vy” Читая socket a: | "t о AS ABOVE WITH DECODING LAYOUT 


$1.49 JOR-PR15-PK 815 95 
PARTE KIT FOR ABOVE 


JDA-PRIGV өте FÜR AT 
EXTENDED CONNECTORS 


VOLTAGE | —— FOR VIDEO APPLICATIONS JOA-PATO $34.25 


8 RESISTOR REGULATORS | быны y 16 BT WITH DECODING LAYOUT | 


? RESISTOR 
B RESISTOR 78120 PARTE КІТ РОЙ ABOVE 


13 RESISTOR 


3H PIN CENTRONICS WHY THOUSANDS CHOOSE JOR SOLDERLESS 
IDCEN38 RIBBON CABLE 395 ' * QUALITY MERCHANDISE EREA MEURS 


CEN38 $OLDER CUP 185 COMPETITIVE PRICES 
IDCEN38 Е RIBBON CABLE 495 MUST ORDERS SHIPPED IN 24 HOURS 
тə. FRIENDLY, KNOWLEDGEABLE STAFF WBU 208 4190 TIE POINTS 
30-DAY MONEY BACK GUARANTEE à 2229 TE POINTS 3 
TOLL FREE TECHNICAL SUPPORT 


È р URS 4 EXCELLENT CUSTOMER SERVICE PAGE WIRE WRAP WIRE 
CALL FOR IN ASSORTED COLORS 62750 

| : ұрды. $57, 60" 657,70" 

VOLUME QUOTES OE. 


ИНИГИН EAGLE PECTRONICS CORPORATION 1001001 sa нони өті 


$00 fm? 6813.25 1000 fest $21 PR 


won аа eel ЕРНОМЕНАВЕНВ Arn 
[SOLDER HEADER —  |:оншаФ [az [125 [1 68 [2:20 [255 [324 Blue. Black. Yeliow or Ней 


[HOUT ANGLE SOLDER HEADER | IDHxxSA |248 [138 [178 [2.31 |2.72 [3.38 | 
_ RIGHT ANGL WINEWRAP HEADER | нунат — [205 [338 [422 [4.48 [4.80 [7.30 | а SOCKET-WRAP 1.0 
KE 7 : SUPS OVER WARE WRAP PINS 

J аза 17.00. | SIDE OF BOARD 


BATARASE 


* ERASES 2 EPROMS IN 10 MINUTES 
DRAWER 


Uv LHT FROM ESCAPING 


934.95 


Datarase | 


+ 454% * 


mü ub di 
иил: 


[p 
= ч bern 
223544322455 


PLEASE ORDER BY NUMBER 
PACKAGES (РСК OF) 


LIGHT EMITTING DIODES 
LED DISPLAYS 


ЕМС 15713584) СОМ CATHODE 362" 
F NO-S 501} COM CATHODE $- 
кюр. ББ 1D) COM ANODE 3” 


INSEAT THE NUMBER OF CONTACTS IN THE POSITION MARKED к" OF THE ОНОЕН БҰ рант 
| NUMBER LISTED EXAMPLE A 15 PIN RIGHT ANGLE MALE PC SOLDER WOULD НЕ DBISFA 


MOUNTING HARDWARE 59¢ 


аһ? HEX W LOGIC 2707 1095 
DIFFUSED LEDs 
CAN BE SNAPPED APART TO 


ІС SDEKETSIDIP CONNECTORS JUMBO RED ne | MAKE ANY SIZE HEADER, 


Ti^ р ALL WITM 17 CENTERS 


Tis : 3240 STRAIGHT LEAD эз 
Ti А 1240 инт CAES AD mI 

2240 249 
rat 2 нт ANE LEADS 299 


и do Y 90 


PLUGS (0С eed ; к=з 91.95 
FOR ORDERING INSTA Ка Уу WE D SUBMINIATURE COMMEG TORS Айе HOLGER ši. 49 > y^. ы н б "my 


TERMS MINIMUM ORDER $10 00 FOR SHIPPING AND HANDLING INCLUDE 52 50 FOR UPS 
GROUND AND 43 50 UPS ЙІН ORDERS OVER 1 LA ANO FOREIGN OROERS MAY REQUIRE 


JDR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 35030 ADDITIONAL SHIPPING CHARGES PLEASE CONTACT THE SALES DEPARTMENT FOR THE 
LOCAL T AMOUNT. CA RESIDENTS MUST INCLUDE APPLICABLE SALES TAX PRICES ARE SUBJECT 
(408) 855-5200 FAX (408) 378-8927 TELEX 171-110 ТО CHANGE WITHOUT NOTICE WE ARE NOT RESPONSIBLE FOR TYPOGRAPHICAL 
ERRORS WE RESERVE THE RIGHT TO LIMIT QUANTITIES AND TO SUBSTITUTE 


RETAIL STORE: 1256 SOUTH BASCOM AVE., SAN JOSE, СА (408) 947-8881  uanurac TURÉR. ALL MERCMANDISE SUBJECT ТО PRIOR SALE. A FULL COPY OF OUR 
@ =) HOURS: M-F 10-7 SAT. 9-5 SUN. 12—48 TERMS IS AVAILABLE UPON REQUEST ITEMS PICTURED MAY ONLY BE REPRESENTATIVE 
їҥ={ red 


ORDER TOLL FREE 800-538-5000 


COPYRIGHT 1988 JOR MICRODEVICES CONTINENTAL U.S. AND CANADA 
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SAMSUNG 
MONOCHROME 
MONITOR 


ы 4 gu 


т BM COMPATIBLE 
TTL INPUT 

а 127 NON-GLARE. 
LOW DISTGATION 
AMBER SCAEEN 


ж 720 X 350 
QUALITY АТ 20 СРВ. 132 COLS joa: Sandi 
8 LETTER LITY A 944 в 
ө tQ, 12 15 PITCH & PROPORTIONAL SPACING SWIVEL BASE 
а SERIAL & PARALLEL INTERFACE 
8 AUTO PAPER LOAD. FRICTION FEED 
a FULL XEROX WARRANTY 
NEC MULTISYNC 5599.95 


т ORIGINAL CGA EGA PGA COMPATIBLE MONITOR 
a AUTO FREQUENCY ADJUSTMENT 
= RESOLUTION AS HIGH AS 800 X 560 


LASPER ERA 5399.95 
@ 15 73.21 85 KHz SCANNING FAEQUENCIES 

а 640 X 200/350 RESOLUTION = 3! MM DOT PITCH 

= 14" BLACK MATRIX SCREEN а 16 COLORS 


CASPER НЕН $279.95 
p COLOR GREEN AMBER SWITCH & 39MM СОТ PITCH 

т бай X 240 RESOLUTION @ ta” NON-.GLARE SCREEN 

т RGH IBM COMPATIBLE в CABLE INCLUDED 


IT'S ТІМЕ TO TRADE UP NOW THAT JDA SAEAKS THE 
PRICE BARRIER ON 2400 BAUD MODEMS 

а AUTO DIAL ANSWER 

Ж SELF TEST ON POWER-uP 

a TOUCHTONE OR PULSE DIALING 

# HAYES А BELL SYSTEMS COMPATIBLE 

a FULL OR HALF DUPLEX 

а PC TALK Ш INCLUDED WITH INTEANAL MODEMS 


12H 1200 BAUD 1/2 CARD $69.95 


EXTERNAL MOGEMS 
120 1200 BAUD $119.95 
24D 2400BAUD $219.95 


COMPUTER 
CASES 


ATTRACTIVE, STURDY STEEL CASES FIT THE POPULAR 
SIZED MOTHERBOARDS AND INCLUDE ЗРЕАХЕНЗ, 
FACEPLATES, EXPANSION SLOTS FRONT PANEL 
KEYLOCKS. LED INDICATORS AND ALL NECESSARY 
HARDWARE 


7a 
PRINTER 11-37» 


AFFORDABLE AT LAST 


№ & PAGES РЕН MINUTE & 300 ОРІ RESOLUTION! 

т 1 YEAR WARRANTY в CHOICE OF EMULATION BOARDS 
| MULTI-PRINTER EMULATION BOARD: 

EPSON FX-80 EMULATION NOTHING ELSE REQUIREO 
IBM РС GRAPHICS. PROPRINTER А DIABLO 630 
EMULATION REQUIRES ADDITIONAL FORT CARD 

HP LJ4 EMULATION BOARD: 

HP LASERJET EMULATION 3 RESIDENT FONTS 8 

2 PITCHES AODITIONAL FONT CARD AVAILABLE 


MONOCHROME $69.95 
в iBM COMPATIBLE TTL INPUT 

ж 12" NON-GLARE SCREEN 

и GABLE FOR IBM PC INCLUDED 


MONITOR STANDS 

MODEL MS-100 $12.95 
а TILTS AND SWIVELS 

т STURDY PLASTIC CONSTRUCTION 


1.5MB HAM CARD $139.95 MODEL MS-200 539.95 
EXTRA FONT CARDS $199.95 ж TILTS ANO SWIVELS @ BUILT IN SURGE SUPRESSOR 
TOMER CARTRIDGES $59.95 8 INDEPENDENTLY CONTROLS UP TO 5 AC OUTLETS 


РЕЗ FIRST PUBLISHER $99.95 


LOGITECH 
MOUSE 


$ 7а” 


РС MAGAZINE S EDITORS CHOICE 


"0 


> 


E EMIL See 934.45 IBM ігі MODELS HAVE SERIAL чайки аі Co? 200 
LIDE-TOP $39.95 ОР: RESOLUTION LOTUS 1-2-3 SHELL SEif стаі, ы 
AT STYLE SLIDE-TOP $80.95 COMP Ay Tig LE SOFTWARE ANO POINT EDITOR" 
JR. AT STYLE FLIP-TOP $149.95 44 | ' SERIAL MOUSE W. PC PAINTBRUSH $99.95 
# INCLUDES 150 WATT POWER SUPPLY | BUS MOUSE W/PC PAINTBRUSH $99.95 


FULL UNE YEAR WARRANTY 

ІВМ ENHANCED STYLE LAYOUT $79.95 
8 AUTOSENSE FOR xT OR AT COMPATIBLES 

B LED INOICATORS а AUTO REPEAT FEATURE 

| а SEPARATE CURSOR PAD 
IBM AT STYLE LAYOUT $59.95 
№ SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 
а LED INDICATORS æ AUTO REPEAT FEATURE 
ucT-5080 


$149.95 | 


BUS MOUSE W'PC PAINTBRUSH CAD 


3.5" FLOPPY 
DISK DRIVE _ — 


POWE. 
SUPPLIES 
FOR ЮЫ XT COMPATIBLE 359.95 
8 UL APP, 135 WATTS 
B + SV 15A, » 12У 4 2А 

SY ЗА 12У GA 
PS-135 
РЕ-160 150W MODEL $69.95 


FOR ІВМ AT COMPATIBLE $69. 
@ 200 WATTS 
а ,5у 22A. • 12V ВА 
$v 5A. 12V 5A 
PS-200 


MAXI-SWITCH KEYBOARDS | 
ENHANCED STYLE LAYOUT $84.95 

ә STANDARD ENHANCED KEYBOARD LAYOUT 

т TACTILE FEEDBACK 

= LIGHTEO NUM, CAPS, AND SCROLL LOCK 

= NUMERIC & CURSOR KEYPADS, 1? -F KEYS 
MAX-5339 

MAX-5060 MAXI-SWITCH, AY STYLE 154 95 


8 IBM COMPATIBLE DRIVE € AT AND XT VERSIONS 
AVAILABLE а FORMATS TO 720K 05 QD UNDER DOS 32 
B MEDIA COMPATIBLE WITH P5.2 & LAPTOP MACHINES 
@ INCLUDES HARDWARE FOR MOUNTING IN 514: SLOT 
м OUIET OPERATION 

FDD-3.5X (FOR XT) 

ЕОО-3.5А (FOR AT) 
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SS Seagate 


Ye HEIGHT HARD 
DISK SYSTEMS 


20 MB "PGI 40 мн ES 


20 мн ааа 


SYSTEMS INCLUDE SEAGATE v» HEIGHT 
HARD DRIVE. DRIVE CONTROLLER, 
CABLES & INSTRUCTIONS. ALL DRIVES 
ARE PRE-TESTED E WARRANTED FOR 

{ YEAR. 


У HEIGHT HARD 
DISK DRIVES 


som B49 


DRIVES АНЕ SEAGATE MODELS ST-25! 
(40 MB) к ST-277 (БО MB ALL SY 
MALF HEIGHTS 

FAST 40405 ACCESS TIME? 


INTERFACE CARDS FROM 
MODULAR CIRCUIT TECHNOLOGY 


DISPLAY ABAPTORS 


ЛӨЕПРИЛИТІНСИИНЕ GRAPHICS CARD 259.95 
TRUE HERCULES COMPATIBILITY SUPPORTS LOTUS ta 
и GAIVER ALLOWS COLOR GRAPHICS SOFTWARE TO 
RUN ON A МОНОСНЯОМЕ MONITOR = PARALLEL 
FRIHTER PORT 

ШС T-MGP 


ENHANCEDU GRAPHICS ABAPTOR $149.95 


109% IEM COMPATIBLE. PASSES ВЫ EGA DIAGNOSTICS 
sa 254К ОҒ VIDEO RAM ALLOWS 640 X 350 IN 16 OF 64 
COLORS м COMPATIBLE WITH COLOR AND 
MONOCHAOME ADAPTORS 

MCT-EGA 


COLOR GRAPHICS ADAPTOR 549.95 
COMPATIALE WITH IAM GRAPHICS STANDARDS 

т SUPPORTS НОВ, COLOR & COMPOSITE MONOCHROME 
47 nd X 200 RESOLUTION, LIGHT PEN INTERFACE 


MULTIFUNCTION CARDS 


MONVDGRAPHIUS МИЛ ТІ ІлЗ 8799.75 
TOTAL SYSTEM CONTROL FROM А SINGLE SLOT! 

# СТАС 2 FLOPPY Б. SERIAL. PARALLEL. GAME PORT. 
CLOCK CAL a RUN СОБОЙ GRAPHICS SOFTWARE ON А 
MONOCHAOME MONITOR 

MCT-MGMWD 


MULTI UD FLOPPY CONTROLLER 879.95 
А PERFECT COMPANION FOR QUA MOTHERBOARDS 

а SUPPORTS UP TO 7 180K FLOPPIES 770K WITH GOS 32 
ESA PARALLEL GAME PORT CLOCK CALENDAR 


T 
MIO-SERIAL-—2ND SERIAL PORT $15.95 


MULTI FO LAND 259.95 
USE №179 МСТ FH FOR А MINIMUM OF SLOTS USED 

a SERIAL PORT, CLOCICCALENDAR WITH BATTERY BACK- 
UP & PARALLEL PRINTER PORT ADORESSABLE AS LPT1 
OR LPT? 

MCT-1O 


АТ MLULTIFLUNCTION CARU $7379.95 
ADDS UP TO 3 MEGABYTES OF RAM TO THE AT 

a USER EXPANDABLE TO | 5MB (ZERO К INSTALLED) 

8 INCLUDES SERIAL PORT AND PARALLEL PORT 
MCT-ATMF 

ATMF SERIAL —2ND SERIAL PORT 
MCT-ATMF-MC—PIGGYBACK BOARD 

{МО MEMORY) 


$24 95 
$25.95 


AT МИЛ ҮР VO CART #59. 99 
USE WITH МСТ ATFH FOR MINIMURM ОҒ ROTS USED 

# SERIAL PARALLEL AND GAME PORTS т USES 15450 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 


ATIO-SERIAL—2ND SERIAL PORT 


MEMORY CARDS 


STEK RAM CARD #59 
А CONTIGUOUS MEMORY SOLUTION IN A GHORT SLOT 
а ИЗЕН SELECTABLE CONFIQURATION UP TO $76K 
ете Үт 8 258К НАМ CHIPS (ZERO X INSTALLED) 


$24.95 


EXPANDED MEMORY CARD 9129.95 
2 M8 OF LOTUS INTEL MICROSOFT COMPATIBLE MEMORY 
FOR АН ХТ в CONFORMS TO LOTUS INTEL EMS № USER 
EXPANDABLE TO 2 MB т CAN BE USED AS EXPANDED OR 
CORVENTIONAL MEMORY HAMDISK AND SPOCA ER 


MCT-ATEMS 
MCT-ATEMS-AT VERSION $139.95 


DRIVE CONTROLLERS 


FLOPPY ШЕИ шо, Уе 
QUALITY DESIGN FOR SINGLE SLOT CONTRO СЕ 4 
FLOPPY S тш INTERFACES UP TO & РОД $ TO AN JBM РС 
OF COMPATIBLE = SUPPORTS BOTH QS DO AND 05-00 
WITH DOS 32 

MCT-FDC 


г.2 МЫ FLOPPY CONTROLLER $59.95 
AUD VERSATILITY АМО CAPACITY TO YOUR XT 

= SUPPORTS 2 DRIVES. BOTH МАУ BE 360K OR 1 2 ма 

= ALLOWS DATA ТО FLOW FREELY FROM XTS ТО ATS 
MCT-FDC-1.2 


FLUPPFVY/HARD CONVYREH LER ГУЕ Ж, 
XT SYSTEM STARVED FOR SLOTS" THIS CARD FREES ONE 
УВ a INTERFACES UPTOZFOOS & 2 НОО'Я CABLING 
РОЯ 2 FOLD 1 HDD м SUPPORTS BOTH 0500 & DS go 
WITH 005 32 

MCT-FH 


AT!FH CONTROLLER Bru. m 


FLOPPY HARD DIBA CONTROL IN А TRUE AT DESIGN 

я SUPPORTS UP T0 2 360K Т2ОК 9 2ЫЙ FOD 5 АЯ WELL 
AS 7 HDD S USING STANDARD CONTROL TABLES 
МСТ-АТҒН 


ALi DISK CONTROLLER 

IMPROVE SPEED AND STORAGE OF YOUR AT 
COMPATIBLE = SUPPORTS UP TO 2 ALL WARO DISCS АМО 
? FLOPPY ORIVES a SUPPORTS 360 720 t 2 MB 
FLORPIES IN 5 24 1 3 $7 


#129.95 


INBOARD 38b/PL 
$895.00 


UPGRADE YOuA ХТ TO А 385 FOR LESS THAM $1000 

и 16 MHZ PROCESSOR REPLACES 8085 m ? MB 
INSTALLED в EXPAND TO IMB WITH PIGGYBACK CARD 
8 5 ҮН WARRANTY 


JDR MICRODEVICES, 110 KNOWLES DRIVE, 105 GATOS, CA 95030 
LOCAL (408) 866-6200 FAX (408) 378-8927 TELEX 171-110 


ORDER TOLL FREE 800-538-5000 
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DISK DRIVES 


574, SEAGATE HARD DISK DRIVES 


5T.225 HALF HEIGHT 20MB 65MS $255 00 
57-238 HALF HEIGHT 30MB &5MS (ALL) $249.00 
57-4038 FULL HEIGHT 30MB 40 M5 $559.00 
51-4096 FULL HEIGHT S0MB 28MS 1895.00 


Уй HEIGHT FLOPPY DISK DRIVES 


5'4" TEAC FD-558 08/00 340K 

Sia TEAC FD-55Q DS/HD 1.2m 

5^4 FUJITSU M2551A OS DD 360K 
514 FUJITSU M2553K DS/MD 1.2% 
5'4" DS. OD WOK 

sta DS. H1. 2M 

344 MITSUBISHI 08/00 (AT OR XT) 


BACK UP 4Q MB IN 40 MINUTES' 
8 EASY TO USE MENU ORIVEN 
SOFTWARE 
m USES STANDARO 
QiC DATA FORMAT 
т FULL å INCREMENTAL 
BAGR UP 
э PARTIAL A FULL AESTORE 
АЯ 5240 XT -FORXTSAATS 
AR 5540 AT = AT S ONLY 2х FASTER 
TAPE NOT INCLUDED 
TAPE CARTRIDGE—40 MB $24.95 


20MB HARD DISK 
ON A CARD 


349 


a SAVES SPACE AND REDUCES POWER CONSUMPTION 

= IDFAL FOR PC S WITH FULL HEIGHT FLOPPIES 

a LEAVES ROOM FOR à HALF LENGTH CARD IN 
ADJACENT SLOT 
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BUILD YOUR OWN SYSTEM 


ONU GATES ats Yet 


SAVE MONEY AND LEARN 

ABDUT YOUR COMPUTER AT 
INCLUDES SERIAL PORT 2 PARALLEL 
PORTS. CLOCK CALENDAR AND GAME 


THE SAME TIME. 
ADAPTOR RUNS COLOR GRAPHICS ON 


#2 MHZ AT 
LUMPATIBLE 


, "20327" 


а 12 MHZ ВАВҮ AT MOTHERBOARD 

a 258K НАМ MEMORY 

в МІМІ-АТ CASE W POWER SUPPLY 

e AT STYLE KEYBOARD 

e 12MB FLOPPY DRIVE 

= FLOPPY HAAD DRIVE CONTROLLER 
и МОМОСНИОМЕ MONITOR 

т GRAPHICS ADAPTOR 


SNR - un 


в MOTHERBOARD 


8 256% RAM MEMORY 
m 135 WATT POWER SUPPLY 


а FLIP.TOP CASE 


16 MHZ 


а AT STYLE KEYSOARD 

а 360K FLOPPY DRIVE 

а MONOGRAPHICS ! O CARD 
8 MONOCHROME MONITOR 


A MONOCHROME MONITOR 


! MH 386 


"get 


и MYLEX 386 MOTHERBOARD 


8 1 MB RAM ON BOARD 


а 200 WATT POWER SUPPLY 


a AT ST viE САР 


a ENHANCED aT STYLE KEYBOARD 


a | 2 HA РЕР 
» ïl 


я DE 
FLOPPY HARD GORTA 


Е к= r 
ыкы | 


с иги HH HA] MONITOR 


т МО 


"Ат 


MOTHERBOARDS | 


TURBO 4.7718 МНЕ $99.95 


9 4.77 OR B MHZ OPERATION WITH BÜBB-2 А OPTIONAL 
БОВ?-2 CO-PROCESSOR 

a FRONT PANEL LED SPEED INDICATOR AND RESEF 
SWITCH SET SUPPORTED 

s CHOICE OF NOAMAL TURBO MODE ОА SOFTWARE 
SELECT PROCESSOR SPEED 


MCT-TURBO 


MCT-XTMB STANDARD MOTHERBOARD $87.95 


80286 6/8 MHZ 8379.95 


w 8 SLOT [2 EIGHT ВП. 6 SIXTEEN BIT) A? MOTHERBOARD 

т HARDWARE SELECTION OF а СА B MHZ 

ш 1 WAIT STATE 

а KEYLOCK SUPPORTED. RESET SWITCH ЕНОМТ PANEL 
LED INDICATOR 

8 SOGMETS FOR 1 MB OF НАМ АМО 80287 

а BATTERY BACKEO CLOCK 

MCT-ATMB 


12 MHZ MINI 80285 9399.95 


т & MHz, 10 МН: (D 1 WAIT STATE) T2 MHz [1 WAIT STATE) 

e USES ZY¥MOS ASIC'S FOA LESS CHIPS GREATER 
RELIABILITY 

т SUPPORTS 2564 10244 MEMORY 

т RECHARGEABLE HIGH CAPACITY NI-CAD BATTERY 

g 8 18-817 SLOTS 2 B-BiT SLOTS 

т MOUNTS IN STANDARD XT CASE 

MCT-BATMB- 


14 
MCT-BATMB 6:10 MHZ MINI $0266 BOARD $350.05 


15 MHz MYLEX JHb 9649.00 
а 1 МВ RAM ON BOARO 

a A SLOTS. 2 &-BIT. & 16-ВІТ 

4 SUPPORTS 80287 MATH CO-PHOCESSOR 

4 SUPPCRT3 80387 Ww ADAPTOR 

а 54 кВ CACHE FOR NEAR D WAIT STATE 

a USES m pos 

MCT-388 MB-4 4 MB MEMORY INSTALLED $2649.00 
MCT-386 MB-MCB MATH CO-PROCESSOR 

ADAPTOR BOARD $148.00 


d. - 


ис A 


(ИСИД | уте; 


ІП MHz SINGLE CHIP 


"72997 


m SINGLE CHIP USES LESS POWER, IMPROVES RELIABILITY 


а KEY SELECTABLE SPEED 4 77 MHz OR 10 MHz 


@ 23 TIMES FASTER THAM А STANDARD 


к RESET SWITCH KEYLOCK AND SPEED POWER 


INDICATORS SUPPORTED 


MCT-TURBO- 10 


DEVELOPMENT TOOLS 


EPROM 
PROGRAMMER 


7299" 


PROGRAMS 27XX & 27ххх EPROMS UP TO 27512 

в SUPPORTS VARIOUS PROGRAMMING FORMATS ANO 
VOLTAGE S 

a SPLIT OR COMBINE CONTENTS OF SEVERAL EPROMS 
ОҒ DIFFERENT SIZES 

a READ. WRITE. COPY ERASE CHECK AND VERIFY 

8 SOFTWARE FOR HEX AND INTEL HEX FORMATS 

MCT-EPROM 

МСТ-ЕРНОМ-4 4GANG PROGRAMMER $189.00 

MCT-EPROM-10 10 GANG PROGRAMMER $299.95 

MCT-PAL PAL PROGRAMMER $269.95 

MCT-MP PROCESSOR PROG. $190.95 


JDR Microdevices’ 


JOR MICRODEVICES. 110 KNOWLES DRIVE. LOS GATOS, CA 85030 
LOCAL (408) 665-6200 FAX (408) 378-8927 TELEX 171-110 


A MasterCard 


ORDER TOLL FREE 800-538-5000 
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CONTINENTAL US. AND CANADA 
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М IT'S NOT 20° PLUS THIS AND THAT, IT’S 


29° 


2 tor 1 repiscemint ригип on buk 514^ 
Я found арай delecove ийип mx monte 
With sleeves, іе, labels 


B Va" DSTO (Ып. 100 
0600 fin S . 
Color Зиг 000 (Min ЧЛ 
Sya" BARAT НО {Мп $0) 
Bor of 10 54" DSDO (Ыл 17 
Bon ol 10 Color $14" 0500 
Free Рейс Сам (hin. 5) 
475560 (ша 25) 


etb byse 


Sopr $330 ptr in oti 50 мей жн ки MC/VISA кор 


-800:5371000 AED 


Оқа Ма 1523 P.C. Son 61000, Sen Framceca, СА ЗАТ 


Cirela 164 on Reader Service Card 


DATA ACQUISITION TO GO 
INTERFACE FOR ANY COMPUTER 


FREE IBM SOFTWARE 


Connects via RS-232. Fully ІВМ com- 
patible. Built-in BASIC. Stand alone 
capability. Expandable. Battery 
Option. Basic system: 16 ch. 12 bit 
АЮ, 2 ch. D/A, 32 bit Digital 1/0. 
Expansion boards available. Direct 
Bus units for many computers. 
(201) 299-1615 


PO, Box 246, Morris Plains, MJ 07950 


ELEXOR 
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16-BIT RESOLUTION 
ANALOG-TO-DIGITAL 
CONVERTER 
12,000 SAMPLES/SEC 
for IBM PC, XT & AT 
SINGLE PIECE PRICE 
$475 


We manufacture a broad fine 
Ol dala acquisition and control 
hardware and software for Apple 
and IBM computers. 

Call for quotes on custom 
hardware or complate systems. 


LAWSON LABS, INC. 


5700 RAIBE АОАО 
COLUMBIA FALLS, М7 59812 
406-397-5355 


Circle 146 on Reader Service Card 


EPROM PROGRAMMER 
$349 


THE ЕР-Г A GREAT VALUE & HERE'S WHY: 
«READS, PROGRAMS. COPIES GVEA XX) EPROMS AND EEPRDMS FROM 


« MENU DRIVEN CHIP. SELECTION BY МЕС А РН. NO MÜDULES 
s FAST ЧОН QUICK. PULSE PROGRAMMING ALGORITHIUS 

е PUTS FILES Br ВАЗЕ ADORESS AMO ODOEVEN n6 $ 32 BIT) 
* ALL BNTELUGENCE IN AIT ZOU MICROPROCESSOR BASED 


CALL TODAY FOR MORE INFORMATION 


CL uu LI Uu 
BP. ROSYSTEMS 


00225-2102 713/461-3430 TELEX 1561477 
10681 HADDINGTON #190 HOUSTON. TX 77043 
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HARD DISK ACCELERATOR 


~ Caching eliminates repetitive 
disk accesses 
~ Use up to 15 Mo of extended! 
expanded or 500 Kb o! standard memory 


DISKETTE ACCELERATOR 
SCREEN ACCELERATOR 
FAST — FRIENDLY — SAFE 
VCACHE 
GOLDEN BOW SYSTEMS 
| $49.95 2870 Filth Avenue 


Add $3 tor Suite 201 
n ded, San Dego СА 9203 


nia residents 
ad OM sales ix i, 619/298-9349 
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AS FEATURED IN BYTE, AUG. '87 


% PC-BANDIT speed т 
изо’ seoctabie al 74. 

670 62 MHz 
е Soltware selecuMye al 
VC ME 


MHz мес v20 CPU 
option only $16 95" 
“Piua shipping) 


(106) 881-1088 
[Dema mquirles inated) 


шы o aE es т E d domm uma nn eet n5 Mep bie 
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LDE 


Pura IB ii} 


presents the. 


$ 99.00 
CDROM 


A CDROM containing over 
2000 programs for the 
8088/286/386 based рс. 


’ Public Domain 
Shareware 


* High Sterra 
Com patible 


call or writer 


ALDE Publishing 
P.0. Box 35326 
Mpls, MN 55435 
[hlR) 828-8240 
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6805/6305 SINGLE CHIP 
MICROCOMPUTER 
DEVELOPMENT SYSTEMS 


Two syslema allow the (AM PC/XTIAT to be used as 
а repens Gevelopment system for tha MOTOROLA 
8805 semwa single chip microcomputers Model 
"acc 1 supports Ina MCBE/USP3, P5, ОЗ, 115, АЗ, 
Rå ohipa- M: Model MCPM-2 supporis the 
мов (32 cmoa versions. Both systems are 
priced al $485 and include а cross assembler pro- 
хал, в vd ir qe d program and а program 
in ‘circull board with driver software. А уйат «a 
also avail for tha HITACHI 63706 ZTAT micro 


THE ENGINEEHS COLLABORATIVE 
PO. Box 53, West Glover, VT 05875 
(B02) 525-3458 


The MIDI Starter System™ 


fur your IBM PC vr compatible 


MIDI Co-Processor Card 
Easy-8 Sequencer 
Editor /Librarian Software 


$199 


Ash ани our Programmer's TootKir 


Music Quest, Inc. 
1700 Alms Ur.. Suite 260 
Plami, Texas 75075 1214] 841-7408 
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COMING UP IN BYTE 


PRODUCTS IN PERSPECTIVE: 


Short Takes for May include Sysgen's BridgeFile; high- and double-density 


3%- and 5 14 -inch add-on floppy disk drives for IBM's PS/2; Fujitsu's finite- 
element-analysis package, Elm; WordPerfect for the Macintosh; a fast 
assembler from SLR, Optasm; a Macintosh desk-accessory scheduler from 
Mainstay called Think 'N Time; and more. 


Ten word processors for the IBM PC family are reviewed in the Product 
Focus for May: new releases of Display Write, MASS-11, Microsoft Word, 
MultiMate, OfficeWriter, Samna Word IV, Smart Word, WordPerfect, 
WordStar, and XyWrite. 


System reviews consider Amdek's offering in the 80386 competition and the 
laptop Macintosh from Dynamac. 


In the hardware reviews section, we look at the Apple LaserWriter II. This 
printer with interchangeable memory modules is at least two printers right 
now, with the potential to be more as time goes by. 

There are many uncomfortable ways to get Macintosh data to an IBM 
PC—and vice versa; we'll look at three that are painless. 


Software reviews: Windows/386 and Windows 2.0 are programs to enhance 
your interface. Command Plus replaces your DOS command processor and 
enhances the basic commands. 


Products up for discussion in application reviews are Silverado and Base, 
two spreadsheet add-ins; Q-Calc, a spreadsheet that runs under Unix; and 
Nexview, a relational spreadsheet. 


Jerry Pournelle's Computing at Chaos Manor and Ezra Shapiro's 
Applications Only look at products from unique perspectives. 


IN DEPTH: FEATURES: 


In the Circuit Cellar, Steve Ciarcia 
concludes his SmartSpooler 
construction project; Dick Pountain 
talks about Pop-11, a powerful 
artificial intelligence programming 
language for the Macintosh. 


May is devoted to the subject of 
CPU architectures—everything 
from the growth and development of 
CPUS, to parallelism, to RISC, to 
what's wrong with the ones we've 
seen so far. 


Subscription 
Problems? 


We want 
to help! 


If you have a problem 
with your BYTE 
subscriplion, wrile us 
with the details. We'll 
do our best to set it 
right. But we must 
have the name, 
address, and zip of the 
subscription (new and 


old address, if it’s a 
change of address). If 
the problem involves a 

payment, be sure to 
include copies of the 
credit card statemeni, 

or front and back of 
cancelled checks. 

Include a "business 

hours" phone number if 


possible. 


BYTE 
Subscriber Service 
PO. Box 7643 
Teaneck, NJ 07666-9866 


Ea 
НОГ 
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Important TIPS* for BYTE Subscribers: 
Receive Product Information 10 Days Earlier! 


ШІП ЖЕГЕН 


IDENTIFICATION CARD т 


E 


785432189 


=. 


John Sample 


All you need is & touch-tone telephone and your subscriber I.D. number. 


See instructions facing the Header Service Index in the back 
of this issue for outrageous time-saving opportunities! 


*HYTE's Telephone Inquiry Processing Service 


BYTE ADVERTISING SALES STAFF: 
Dennis J. Riley, Advertising Sales Manager, One Phoenix Mill Lane, Peterborough, NH 03458, tel. (603) 924-9281 


NEW ENGLAND 


ME, NH, VT, МА. RI, ONTARIO 
CANADA & EASTERN CANADA 


($17) 262-1160 
McGraw-Hill Publications 


ATLANTIC 
NY, NYC, CT, NJ (NORTH) 
Leah О 


. Rabinowitz (212) 512-2096 


McGraw-Hill Publicanons 
1221 Averme of the Americas— 


Jh Floor 

New York. NY 10020 

Dick McGurk (203) 968-7111 
McGraw-Hill} Publications 


Philadelphia. PA 19107 


SOUTHEAST 
NC, SC, GA, FL. AL, TN 


Atlanta, GA 30319 


MIUWEST 

IL. МО. KS, LA, ND. SD, MN. 
KY. OH. WI. D е IN, MI. MS 
Bob Denmead (312) 751-3740 
McGrim-HiU Publications 

Blair Buddi 

645 North 
Chicago. IL 60611 


Ave 


ROCKY MOUNT, 

CO. WY. ОК, TX, AR. LA 

Karl Heinrich (713) 462-0757 
rm -Hill Publications 

7600 W. Tidwell Rd —Suite 500 

Houston. TX 77040 


International Advertising Sales Staff: 


Mr. Hans Ceokor 


Ros Weytnan 

MeCnm- Hill nr Co. 
ет mw i 

б- Frankfuri/Manno § 
Weal Germany 

69 7201 8! 
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Mrs. Мапа Sermieno 
Perim Teixeira В, Off. 320 
Iberia Mart | ^ 


Мины 4, 
1 45 52 891 


Michael Karnig 
Acsipew Karnig & Associates 
S-131 31 Маска, Sweden 
2:44 0005 


France 
111 42-99-03-51 


The Buyer's Mart (1x2) 
Mark Stone (603) 924-37 


X 4BR 
England 01 493 145] 
Me Core HI Publishing Co 
Via Flavio Baracehii| — 
20123 Milan, Italy 
(2) 89010103 T 
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HAVEN'T BOUGHTA 
A-PIN PRINTER IS 
PRICE YOU VE LOST 


You've del lost your last 
reason for buying a 9-pin 
printer. Our new Pinwriter^ 
P2200 dot matrix printer is 
the first 24-pin printer that fi 
Is priced lower than many of ^ 
today's 9-pin printers. 

However, we didn't 
strip the price by doing the 
same thing to features. 

In fact, we gave the P2200 
a few features you won't find on any other printers at any price. 

Like more software support than any other 24-wire printer and unrivaled paper-handling capa- 
bilities. It feeds from both the rear and the front. And you can print a single sheet without removing 
your continuous paper. You can also produce up to 128 type уапацопѕ within a single document. 

We also didn't get the price down at the expense of speed. The P2200 
prints 55 cps in LQ mode - that's faster than any other printer in its price 
range. Апа in draft mode, it speeds 
along at 170 Cps. NEC PRINTERS. THEY ONLY STOP 
So see your NEC dealer WHEN YOU WANT THEM TO. 


today. Anything else would 
be thoroughly unreasonable. 


NEC Information Systems, Inc. 


For more information, and the name of the NECIS dealer nearest vou. call 1-800-343-4418 ип ALA 617-264-8635). 
Or write: NEC Information Systems, Пери. 1610. 1414 Massachusetts Ave., Boxborough, МА 01719. 
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The Tandy 4000 


See Tandy's Complete Line of 
IBM* PC Compatible Computers 


Tandy 3000 


Tandy 4000 Tandy 3000 HL 


Tandy 1000 TX = Tandy 1000 SX Tandy 1000 НХ Tandy 1400 LT 


XENIX ІМ MEN Corp. 3Cor/Reg. TM 3Com Corp. IBM and AT/Reg TM IAM 
Com. IR M Сапа! Communications Associates, inc. SGO/Reg. TM The Santa 


Tandy Computers: 
Because there is 
no better value. 


A price breakthrough 
in high-performance 
80386 technology. 


Put a Tandy 4000 personal computer on your 
desk and unleash the remarkable power of the 
80386 microprocessor. 


With the Tandy 4000% 16-megahertz clock 
speed, ІВМ PC and АТ? compatible software 
comes alive with incredible speed. And new 
operating systems such as Microsoft? OS/2 will 
deliver the full potential of the 80386. 

The 4000 is just one of a complete line of 
Tandy computers—the best-selling IBM PC 
compatibles in America. We have the system 
solutions your business can depend оп... for 
years to come. 


Workgroup Solutions. Our 3Com® workgroup 
lets people and PCs work together, so your en- 
tire office can share information and route 
messages—electronically. And with IRMA- 
LAN", up to 20 people in your workgroup can 
access your company's ІВМ mainframe. 


Multiuser Solutions. With the XENIX? mul- 
tiuser operating system you can share the power 
of the Tandy 4000 with others in your office. 
The fact is, we have more experience with 
XENIX® multiuser systems than anyone. And 
we offer SCO™ business productivity software 
that's designed expressly for maximum mul- 
tiuser efficiency. 


Total Support. Radio Shack Computer Centers 
offer the most comprehensive range of support 
services in the industry. The bottom line? We 
work hard for your business! Come in and find 
out for yourself —ask for a demonstration of the 


Tandy 4000 today. 


Radie Shaek 


COMPUTER CENTERS 


А DIVISION OF TANDY CORPORATION 
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